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1. Ook binnen de orthopedie dienen interventies theoriegestuurd opgezet en 
gevalideerd te worden teneinde te kunnen concluderen of een interventie 
effectief is (dit proefschrift).
2. De invloed van gedragsmatige determinanten op het herstelproces na een totale 
heup- of kniearthroplastiek is een onderbelicht aspect binnen de orthopedie 
(dit proefschrift).
3. Het objectief bepalen van loopfunctie bij patiënten voor en na een totale 
heuparthroplastiek behoeft een uitgebreider protocol dan alleen lopen op 
voorkeurssnelheid (dit proefschrift).
4. Pijn speelt een belangrijke rol in het verklaren van de discrepantie tussen 
objectief en subjectief bepaald fysiek functioneren bij patiënten met een totale 
heup- of knieprothese (dit proefschrift).
5. Voor een compleet beeld van het herstel na een totale heup- of kniearthroplastiek 
is het noodzakelijk om zowel vragenlijsten als objectieve meetinstrumenten te 
gebruiken (dit proefschrift).
6. Patiënttevredenheid is geen goede maat om zorgaanbieders met elkaar te 
vergelijken.
7. ‘It is better to sleep on things beforehand than lie awake about them afterwards’ 
(Baltasar Gracián); dit geldt zeker ook voor het opzetten van wetenschappelijk 
onderzoek. 
8. Lichamelijk activiteit is voor promovendi even noodzakelijk als voor patiënten 
met een heup- of knieprothese.
9. ‘Ik weet het niet’ is het meest onderschatte antwoord dat er is (R.M. Scheek).
10. Rokers zijn selectief analfabeet.
11. Quidquid latine dictum sit, altum videtur [Alles wat in het Latijn gezegd 
wordt, klinkt diepgaand].
12. ‘Never trust your wrong decision’ (Wat Klang Wiang, Chiang Rai, Thailand).
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Total hip and knee arthroplasty
Osteoarthrosis (OA) is the most common joint disorder in the world.1 Patients with 
OA of the hip or knee joint experience pain, stiffness and loss of joint function. 
The treatment initially consists of medication with NSAIDs (non-steroidal anti-
inflammatory drugs) and physiotherapy. When these treatments do not result in less 
pain and better functioning, a total hip or knee arthroplasty is the most common and 
successful surgical treatment. By replacing the osteoarthrotic joint with an artificial 
one, pain is reduced and physical function enhanced.
In the early 1960s, after many years of developments of material and techniques, 
Sir John Charnley was the first to perform a total hip arthroplasty (THA) with a 
prosthesis that served as the basis for modern prosthetic replacements.2 The modern 
total knee arthroplasty (TKA) was pioneered in Charnley’s laboratory by Frank 
Gunston from Canada in the late 1960s.2 Since then, many different designs of hip 
and knee prostheses have been developed. With new designs and the development 
of better fixation methods, the long-term results of THA and TKA improved. These 
technical improvements resulted in broadening of indications: patients who were 
previously judged to be too old, too young or too sick to be an arthroplasty candidate 
were now operated on.3 
THAs and TKAs are currently the most frequently performed and most successful 
surgical procedures in orthopedics. In 2005, the incidence of THA in the Netherlands 
was 124 per 105 inhabitants (20,281 operations), the incidence of TKA 63 per 105 
inhabitants (10,329 operations).4,5 The 10-year survival rate for hip prostheses is over 
95%, the 5-year survival rate for knee prostheses is over 95%.6,7 The number of total 
hip and knee arthroplasties performed per year in the Netherlands has been increasing 
in recent decades: from 1996 to 2005 the number of THAs increased from 16,803 
to 20,281 and the number of TKAs from 4,046 to 10,329. Only a small part of this 
increase could be explained by changes in the size and age profile of the population.8 
It is expected that the number of total hip and knee arthroplasties performed per year 
will keep on increasing over the coming decades.8
Short-stay care
As a result of the increasing number of total hip and knee arthroplasties that have to 
be performed, waiting lists are growing. To cope with the problem, many hospitals 
have introduced short-stay programs for these procedures. There are many different 
short-stay programs in the Netherlands, but all are characterized by a reduced amount 
of hospitalization days and a joint rehabilitation program during the admission 
period. There are several advantages of short-stay programs, for the hospital as well 
as for the patient. The hospitals have shorter waiting lists and financial savings, 
while shorter waiting lists benefit the patients as they can have surgery sooner. A 
consequence of shortened hospitalization, however, is that the rehabilitation is 
moved from the hospital to the home situation. The support of nurses, physicians 
and physical therapists stops as soon as the patient is discharged. In this scenario the 
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patient becomes increasingly responsible for his own rehabilitation. Based on pilot 
research at the Orthopedic Department of University Medical Center Groningen, it 
was concluded that a considerable number of short-stay patients having received a 
total joint arthroplasty felt “left alone” after discharge. They lacked knowledge about 
the instructions they have to follow during rehabilitation, were insecure and missed 
support from the professionals of the hospital. We concluded that these shortcomings 
might result in higher medical consumption, e.g. visits to the general practitioner or 
physical therapist, decrease of function and less physical activity. It is hypothesized 
that this could be avoided with a support program in addition to the short-stay program. 
Although it is clear that the success of a total hip or knee arthroplasty depends not 
only on an effective surgical procedure but also on adequate rehabilitation afterwards, 
hospitals do not provide additional support after discharge.9 The need for such a 
support program after shortened hospital stay motivated the research described in this 
thesis. 
Scope of the thesis 
The scope of this thesis is to influence and evaluate outcome after short-stay total hip 
and knee arthroplasty. The first objective is to develop a support program after short-
stay total hip and knee arthroplasty and to determine its effectiveness. To develop the 
support program, the program evaluation theory of Chen will be used.10 Chen urges 
the development of a theoretical framework, called a program theory, explaining the 
program’s theoretical premises and describing the process between input and outcome. 
This program theory can serve as a basis for validation and prevent the so-called black 
box between input and output.
The second objective is to assess recovery after total hip or knee arthroplasty 
not only with self-report measures but also objectively with a relatively novel, 
ambulatory measuring device, and to compare performance-based outcome with self-
report outcome. Studies within orthopedics often use self-report instruments like the 
Western Ontario and McMaster Universities (WOMAC) osteoarthritis index and the 
Short Form health survey (SF-36), which are well-validated measures to determine 
impairments, limitations in activity and quality of life from the patient’s perspective. 
These measurements are also used in this thesis. However, to obtain full insight 
into recovery after total hip or knee arthroplasty, an objective measure of recovery 
is considered complementary.11,12 A disadvantage of most measuring devices to 
determine gait parameters is that measurements are time-consuming and have to be 
performed in a laboratory. With the ambulatory measuring device, recovery can be 
assessed objectively, within daily orthopedic practice and in a natural environment.
Outline of the thesis
The first part of the thesis describes the research into the theory-driven postoperative 
support program. Chapter 2 describes the development of the support program, 
named the Groningen Orthopedic Exit Strategy (GOES). The GOES was developed 
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to support patients at home after their hip or knee surgery with shortened hospital stay, 
and is based on the social cognitive theory of Bandura. The GOES theoretical model 
is presented, consisting of mediating variables and outcome variables. The theoretical 
premises underlying this model are described.
Chapter 3 presents the results of the research into the validity of the GOES 
program theory. The first part of the GOES program theory is the action theory, 
hypothesizing that the GOES treatment influences the mediating variables positively. 
The second part, the conceptual theory, hypothesizes a positive relationship between 
the mediating variables and the outcome variables. In order for the treatment to be 
effective, both theories have to be valid. An experimental study is set up to determine 
the effectiveness of the GOES on the short and long term compared to usual short-
stay care.
Chapter 4 describes the research conducted into the role of self-efficacy as 
predictor of outcome after short-stay total hip or knee arthroplasty. Special attention is 
given to self-efficacy as it is the central determinant within Bandura’s social cognitive 
theory and it is considered one of the most relevant and promising determinants of 
outcome within a rehabilitation process in general. Bandura defined self-efficacy as 
“the conviction that one can successfully execute the behavior required to produce the 
desired outcome.” Self-efficacy is one of the three mediating variables incorporated 
into the GOES theoretical model.
The second part of the thesis describes research into rehabilitation after short-stay total 
hip and knee arthroplasty with the ambulant measurement device. Further, research 
is done into the relationship between self-report and performance-based measures 
of physical functioning. Chapter 5 describes the recovery of gait parameters after 
total hip arthroplasty with short-stay care. A test protocol was developed containing 
different parts that make it possible to determine various aspects of recovery of 
physical functioning.
In Chapter 6 recovery of physical functioning after total hip arthroplasty is 
determined using two self-report measures and one performance-based measure of 
physical functioning preoperatively and short-term and long-term postoperatively. The 
three different measures are compared in order to determine if there is a discrepancy 
between them. Additionally, research is done into the role of pain as possible 
explanation for the expected discrepancy between self-report and performance-based 
measures.
Chapter 7 describes the recovery of physical functioning after total knee 
arthroplasty. Outcome determined with three different outcome measures — two 
self-report measures and one performance-based measure — is described. The three 
measures are compared with each other.
In Chapter 8 the results of the different studies are discussed. Theoretical and 
practical implications for the orthopedic work field are stated and recommendations 
for further research are given.
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The number of total hip and knee arthroplasty patients in the Netherlands will 
increase progressively in the coming decades. A reaction to this trend is a shortening 
of hospital stays. This however should not result in uncertainty, lack of information 
and unnecessary medical consumption by patients at home. Based on insights from 
social cognitive theory, an exit strategy is described to support patients during their 
rehabilitation at home. It is our hypothesis that patients who participate in such a 
support program will be able to resume activities of daily living more quickly and 
effectively, and will reach higher levels of physical activity compared to patients who 
only follow the shortened program. To determine the effectiveness of the exit strategy, 
mediating variables (self-efficacy, social support and pain-coping) and outcome 
variables (activities of daily living, physical activity behavior, health-related quality 
of life and gait analysis) will be measured.
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Introduction
Moderate to severe osteoarthritis is the most common indication for total hip 
arthroplasty (THA) and total knee arthroplasty (TKA), and although differences in 
prevalence and incidence exist between populations, osteoarthritis can be considered 
to be a worldwide disease.1 Most recent available data about the prevalence and 
incidence of osteoarthritis in the Netherlands are from the mid 1990s. The prevalence 
in 1994 of osteoarthritis of the hip was 11.7% (180,800), and osteoarthritis of the knee 
19.1% (295,600). The incidence of osteoarthritis of the hip was 190 and osteoarthritis 
of the knee 300 per 105 inhabitants. The incidences of THA and TKA in 1997 were 
112 and 32 per 105 inhabitants, and increased with age. These Dutch numbers are in 
accordance with other Western countries.2-5
In the Netherlands, as in other Western countries, the number of older adults in 
the population will increase both relatively and absolutely in the coming decades. As 
a result, an increase is being seen in the demand for THA and TKA. A reaction to this 
trend is a shortening of hospital stays.6,7 The University Medical Center Groningen 
in the Netherlands has developed a shortened program to reduce the average length 
of hospital stay from 9.6 to 5.9 days.6 A consequence of shortened hospital stay is an 
increased responsibility of patients towards their rehabilitation. Pilot research into 
our shortened program allows us to conclude that a considerable number of patients 
lack knowledge about the rules they have to follow during rehabilitation, do not 
feel confident, and miss support from medical professionals once they are at home. 
This also results in unnecessary medical consumption (e.g. consultation of general 
practitioners or physical therapists), which could have been avoided had the support 
been adequate.6
Short hospital stays can be considered advantageous to hospitals in terms of 
shorter waiting lists and financial savings. Shorter waiting lists also benefit patients, 
because they can be operated sooner. Shortening of hospital stays however should 
not result in a transfer of medical consumption from the hospital to the local general 
practitioners and physiotherapists. Success of major joint arthroplasty is determined 
not just by an effective surgical procedure but also by adequate post-surgical 
rehabilitation.8 Support programs are needed to provide sufficient support in the post-
hospitalization period. No support program for rehabilitation in the home situation 
was available until now in the Netherlands. This article describes the development 
of such a program based on social cognitive theory. It is our hypothesis that patients 
who participate in this support program will be able to resume activities of daily 
living more quickly and effectively, and will reach higher levels of physical activity 
compared to patients who only follow the shortened program. Eventually this will 
lead to an improvement of health-related quality of life.
Intervention: Exit Strategy
The exit strategy is a home-based program that aims at supporting patients in the 
process of rehabilitation at home for a period of 6 months after shortened hospital 
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stay. The strategy consists of an exit video, newsletters, follow-up by telephone 
and the involvement of a partner (spouse, relative or close friend). Participants in 
the exit strategy are patients admitted to our Orthopedic Department for unilateral, 
primary elective hip or knee arthroplasty and included in the shortened program. 
Inclusion criteria for the shortened program are the absence of severe co-morbidity 
and psychological dysfunction, and the availability of a partner at home who is able 
to support the patient during the rehabilitation process.
The exit strategy is based on the social cognitive theory developed by Bandura.9
This theory assumes that behavior is affected by interactions between environmental 
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is one of the main mediating variables of health interventions.10 The exit strategy 
was structured with the help of Chen’s program evaluation theory.11 Chen urges the 
development of a theoretical framework that differentiates the details of the mediating 
processes in the program and can serve as a basis to plan and evaluate activities. 
We have developed a theoretical framework to be used as the exit strategy program 
theory. This theory explains the program’s theoretical premises and describes the 
process between input and outcome. Chen distinguishes various theoretical domains 
within the program theory. The exit strategy recognizes three domains: treatment, 
intervening mechanism and outcome. Next to these domains, Chen distinguishes an 
! !  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the mediating variables of the intervening mechanism domain are manipulated by 
program activities in the treatment domain. The conceptual domain describes how 









The treatment domain is made up of the basic, essential elements that produce the 
intended changes in a program.11 The treatment of the exit strategy lasts 6 months 
and has four components: an exit video, newsletters, telephone contact and partner 
involvement (Figure 1). 
 An exit video is shown to the patients the day before discharge. Several former 
patients who participated in the shortened program were followed for 6 months after 
surgery to compose the videos. There are separate 20 min videos for hip and knee 
patients, with the former patients telling about their experiences with rehabilitation 
at home. This provides a realistic impression about what to expect after leaving the 
hospital. 
 The patients receive four newsletters with information about the rehabilitation 
process over a period of 6 months. The first newsletter arrives 2 days after the operation. 
Subsequent newsletters are sent 2 weeks, 2 months and 5 months after discharge. 
Each newsletter provides relevant information about the rehabilitation process at that 
stage.
The follow-up by telephone is two-fold: the department’s nurse practitioner in 
charge of the specific patient makes two telephone calls, 2 days and 3 weeks after 
discharge. Information is gathered on how the patient is doing, and patient questions 
are answered. In addition, patients can contact the hospital during a weekly 2 h 
telephone consultation. 
Patients are included in the shortened program only if they have a partner (spouse, 
relative or close friend) who can support them during the rehabilitation period at home. 
The partner is invited to the preoperative patient intake and postoperative instruction 
sessions (e.g. physical therapy), as well as the presentation of the exit video. The 
partner is also expected to join the patient during control moments.
Outcome domain
A program is created for the purpose of providing a service or solving a problem. 
These purposes are formally called goals or intended outcome.11 The intended 
outcome of the exit strategy can be considered two-fold: the ability of these patients 
to resume activities of daily living, and their postoperative physical activity level. It is 
our hypothesis that both will affect the health-related quality of life (Figure 1). 
Intervening mechanism
The intervening mechanism domain describes the underlying mediating processes 
linking treatment to outcome (Figure 1).11 The purpose of the strategy is to alter 
mediating variables of the rehabilitation process. To this end, three relevant mediating 
variables have been selected for our intervening mechanism on the basis of previous 
research and insights on social cognitive theory: self-efficacy, social support and pain-
coping.12-18
Self-efficacy represents the sum of a person’s processing of many kinds of 
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behavior-related information by means of what is known as observational learning. 
Self-efficacy encompasses those beliefs regarding individuals’ capabilities for 
performance or behavior that will lead to anticipated outcomes.9 In order to perform 
a certain behavior, a person must believe in her capacity to perform the behavior, and 
must perceive an incentive to do so. Additionally, the person must value the outcome 
expectations or consequences that she believes will occur as a result of performing 
a specific behavior. Outcome expectations may be classified as having immediate 
or long-term benefits. As these expected outcomes are filtered through a person’s 
expectations or perceptions of being able to perform the behavior in the first place, 
self-efficacy is believed to be the single most important characteristic that determines 
a person’s behavior. Self-efficacy ratings can be changed and thus represent a useful 
target for intervention. The four main sources of efficacy information are: (1) past and 
present levels of performance, (2) vicarious experience of observing others perform, 
(3) verbal persuasion, and (4) states of physiological arousal.9
Social support is seen as a multidimensional construct. The distinction is made 
between four dimensions: social network, social interaction, subjective support and 
instrumental support.19 The literature distinguishes two different theories about the 
impact of social support on the relationship between stress and health. The stress 
buffer theory proposes that social support acts as a buffer to protect people from the 
negative influence of stress on health.14,20 The impact of disease can be encountered as 
potential stressor. The direct effect hypothesis states that an optimal amount of social 
support has beneficial effects on health, regardless of whether stress is present.14 
Both hypotheses are not mutually exclusive. Although social support may be directly 
helpful in all circumstances, it may be particularly effective as a buffer during times 
of stress.21
Pain-coping is the cognitive and behavioral effort individuals use to cope with, 
deal with, or minimize their pain.22,23 How a person copes with pain influences how 
well she adjusts to the pain.24 Perceptions of helplessness predict depression and 
psychosocial and physical impairment.13,18 There are also indications that higher levels 
of pain are related to lower levels of self-efficacy.22 On the other end of the continuum, 
perceptions of control over pain predict lower levels of pain and disability, fewer pain 
behaviors, greater endurance during physical challenges and greater psychological 
well-being.25,26
Action domain
In the action domain we describe how the mediating variables in the intervening 
mechanism domain are manipulated by means of the components of the treatment 
domain (Figure 1).11
Moon and Backer argue that in total joint replacement, patients’ self-efficacy 
beliefs need to be considered when planning postoperative care.16 In the treatment 
domain, self-efficacy is influenced by several components. In the exit video, former 
patients can be seen as role models at different stages of their rehabilitation, offering 
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patients a realistic view of the process that lies ahead.27 Bandura argues that realistic 
role models can have a positive influence on self-efficacy.9 Newsletters are sent to 
the patients on a regular basis to provide them with relevant information about the 
rehabilitation process. Past research indicates that the level of knowledge and skill 
pertinent to making the transition from the hospital to the home situation may be 
insufficient.17 By giving information about the rehabilitation process, insecurity and 
lack of knowledge are taken away. It is hypothesized that this has a positive influence 
on self-efficacy. Patients will be contacted by telephone twice after discharge from the 
hospital. This allows us to remain informed about their status. Patients can use these 
calls to ask additional information about the rehabilitation process if needed. In that 
sense, these telephone calls are also hypothesized to have a positive effect on self-
efficacy. Research by Weinberger shows that an intervention delivered by telephone 
had a positive effect on functional status, pain and physical health.28
Social support will be manipulated in two ways. First, the role of the spouse 
or other close family member or friend who will serve as the partner during the 
rehabilitation process is emphasized. Close relatives are the most important potential 
sources of social support.14 Before, during and after the hospital stay, the partners are 
invited to join the patients in information and instruction sessions. Showalter et al. 
argues that the inclusion of spouses or other family members in the education process 
is essential.17 Second, patients will be contacted by telephone twice after discharge. 
Besides the information-exchange purpose of these calls, they are also a type of 
social support offered by hospital professionals. Weinberger et al. have shown that a 
few telephone calls to elderly patients with osteoarthritis increased their perceptions 
of social support, and that the calls were associated with an improvement in these 
patients’ self-reported level of functioning.29
In order to influence pain-coping, the newsletters will include information about 
pain and active pain-coping strategies (e.g. diverting attention, lowering demands, 
reinterpreting pain sensations). We also keep in contact with the patients through 
the post-discharge telephone calls, and can support in the pain-coping process if 
necessary. During the weekly telephone consultations, patients can also take the 
initiative to contact the hospital if they do not succeed in managing their pain or have 
any additional questions about it.
Conceptual domain
The conceptual domain describes how the mediating variables of the intervening 
mechanism domain affect outcome variables (Figure 1).11 It is assumed that the 
mediating variables can be manipulated through treatment. We hypothesize that, by 
manipulating these variables, patients will be rehabilitated more quickly and efficiently 
than through our traditional approach.
Empirical evidence indicates that perceived self-efficacy positively affects 
functional ability in individuals recovering from cardiac surgery and nonelective 
hip fracture surgery or arthritis.15,30 On total joint replacement, Moon and Backer 
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indicated that patient self-efficacy was significantly and positively related to physical 
functioning as well as social and leisure functioning.16 In their study, self-efficacy 
significantly predicted higher levels of performance of activities of daily living.
Social support from spouses and family is considered an important mediating 
variable in the rehabilitation process.14,17,31 Kriegsman argues that perceived family 
support tends to have a beneficial influence on the consequences of chronic diseases 
in the aspects of psychological adjustment, well-being, disease control and survival 
in elderly people.14 Systems of partner participation and encouragement, as well as 
positive feedback from physicians, nurses and fellow patients have all been suggested 
to play a role in a successful rehabilitation process.12,14,17,32
With regard to pain-coping, treatment programs that incorporate interventions 
designed to decrease maladaptive and increase adaptive appraisals and coping 
responses have resulted in decreased pain, improved psychological well-being and 
enhanced physical functioning.13,18 Furthermore, there are indications that pain-
coping interventions designed to increase the use of adaptive pain-coping strategies 
could enhance self-efficacy, reduce pain and improve physical and psychological 
functioning in individuals suffering form ostheoarthritis.23 Based on these studies, it 
can be argued that there is no reason to doubt that this could also be the case for THA 
and TKA patients.
Practice implications
Our current research efforts are focused on validating the program theory of the exit 
strategy. In order to validate the program theory, the distinction is made between the 
validation of the action domain and the conceptual domain, as a program’s overall 
accomplishment requires success in both.11 By validating the action domain we 
want to obtain information on whether the treatment (the exit strategy) effectively 
manipulates the mediating variables described in the intervening mechanism domain. 
It is our hypothesis that, by manipulating self-efficacy, social support and pain-
coping through the support program, patients will be rehabilitated more quickly and 
efficiently compared to patients who only follow the shortened program. This must 
become noticeable in three ways: in the ability of these patients to resume activities of 
daily living independently, in their physical activity level, and as a result of both these 
effects in an increased rating of health-related quality of life.
To execute this validation, an experimental study will start in 2003: the 
results of patients who participate in the exit strategy (experimental group) will be 
compared with the results of patients who receive the traditional treatment (control 
group). Measurements of the mediating and outcome variables will take place pre-
operatively, and 6 weeks and 6 months post-operatively. The study protocol is in 
accordance with the guidelines of the Medical Ethical Board of University Medical 
Center Groningen.
Existing instruments for measuring mediating variables have been selected, and 
wherever necessary translated from English into Dutch. Research has been done into 
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validity and reliability. In order to measure self-efficacy, we use a Dutch version of 
the Self-Efficacy for Rehabilitation Outcome Scale.33,34 The scale for measuring social 
support is an adjusted and translated version of the Duke Social Support Index.35 
Pain-coping will be measured with a Dutch version of the TAMPA.36 To measure the 
outcome variables, activities of daily living will be measured with the Western Ontario 
and McMaster Universities (WOMAC) Osteoarthritis Index and by means of gait 
analysis with the DynaPort® system.37,38 Physical activity behavior will be measured 
with the Physical Activity Questionnaire for the Elderly, and health-related quality of 
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Objective: Validation of the program theory of the Groningen Orthopedic Exit 
Strategy (GOES), a theory-driven program aiming to improve the rehabilitation of 
total hip and knee arthroplasty patients after shortened hospital stay. First part of the 
program theory is the action theory, hypothesizing that the GOES treatment positively 
influences the mediating variables (self-efficacy, social support, pain-coping). The 
second part, the conceptual theory, hypothesizes a positive relationship between these 
variables and the outcome variables (ADL functioning, physical activity behavior, 
quality of life).
Methods: Patients were randomly assigned to the GOES or control groups. 
Questionnaires were used to assess mediating and outcome variables in 103 patients 
(50 GOES, 53 controls) preoperatively, and 6 and 26 weeks postoperatively.
Results: No difference was seen between the two groups in terms of changes between 
preoperative and postoperative mediating variables (action theory). Moderate-to-large 
correlations explaining reasonable amount of variance (22%, 25%, 56%) were found 
between the mediating and outcome variables (conceptual theory). 
Conclusion: The conceptual theory is supported; however, as the treatment did not 
influence the mediating variables (action theory), it has no added value in its current 
form.
Practice implications: The treatment needs to be adjusted; it is discussed that 
individualized treatment could be more effective.
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Introduction
Osteoarthritis is the most frequent joint disorder in seniors and the most common 
indication for a total hip and knee arthroplasty.1 With growing numbers of seniors, the 
demand for total hip and total knee arthroplasty will increase, as will the waiting lists.2
A reaction to this trend is a shortened hospital stay. As a consequence of short stay, 
patients responsibility towards their rehabilitation at home increases.3 As the success 
of a total joint arthroplasty depends not only on an effective surgical procedure but 
also on adequate post-surgical rehabilitation, the Groningen Orthopedic Exit Strategy 
(GOES) was developed. Aim of the program was to support patients during their 
rehabilitation at home after shortened hospital stay by providing extra information.4,5
To our knowledge, no support program was available until now, while research has 
indicated that – especially in the postoperative period – patients often complain about 
the lack of information, which is expected to increase with short-stay care.6,7
The GOES is a 6-month home-based support program, based on the social cognitive 
theory of Bandura and structured with the help of Chen’s program evaluation theory.8,9
Bandura’s social cognitive theory assumes that behavior is affected by interactions 
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video with role models, providing extra information through newsletters and telephone 
consultation hours, and emphasizing partner participation in the rehabilitation process 
at home. A program theory is recognized, consisting of an action theory describing the 
relationship between treatment and intervening mechanism domain and a conceptual 






domains.5 A detailed description of the GOES was published previously.5
The aim of the current study was to gain insight into the validity of the program 
theory. To accomplish the desired outcome, the action theory as well as the conceptual 
theory have to be valid, as the effect of the program theory depends on the success of 
both. To this end, a distinction will be made between validation of the action theory 
and of the conceptual theory.9 In the validation of the action theory is determined 
whether the treatment enhances the variables of the intervening mechanism domain. 
The hypothesis is that the patients receiving the GOES treatment will show more 
improvement over 6 months on self-efficacy, social support and pain-coping 
(intervening mechanism variables) compared to patients receiving usual care.10-12 In 
the validation of the conceptual theory is investigated if there is a positive relationship 
between the variables of the intervening mechanism and the outcome variables. The 
hypothesis is that higher self-efficacy, more social support and better pain-coping 
result in a quicker and more efficient rehabilitation, which must become noticeable 
in an improved ability to resume activities of daily living (ADL), a higher level of 




All patients admitted between September 2002 and August 2004 to the Orthopedic 
Department of the University Medical Center Groningen (UMCG) and participating 
in our short-stay program for unilateral, primary elective hip or knee arthroplasty were 
willing to participate, as very little extra effort was required. Twice a month a short-
stay program took place, consisting of a group of 3 or 4 total hip arthroplasty (THA) 
and total knee arthroplasty (TKA) patients. They underwent surgery on the same day, 
had their beds in the same room and rehabilitated as a group. As not all patients are 
eligible for a short-stay program, patients were selected by a nurse practitioner and an 
orthopedic surgeon. The criteria for the short-stay program were: estimated surgery 
time less than 120 minutes, weight lower than 110 kg, estimated hospital stay less than 
6 days, no signs of severe mobility disablement or psychological dysfunction, and no 
severe deformity of the spine. Patients were discharged on the fifth postoperative day 
unless there were complications. 
Design and data collection 
To validate the action theory, patients were randomized into the GOES or the control 
group. The GOES group received the GOES treatment, consisting of showing an exit 
video on the day of discharge that provides general information about rehabilitation in 
the first 6 months after surgery using role models. Patients were also given a newsletter 
on the second postoperative day, and three newsletters were sent to their homes 3, 
10 and 20 weeks postoperatively; these newsletters provide information relevant to 
the rehabilitation process at that stage. Additionally, patients were called at home 
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by a nurse practitioner the second and ninth day after discharge, and were given the 
opportunity to have contact with a nurse practitioner during a weekly 2 h telephone 
consultation. The role of the partner in the rehabilitation period was emphasized 
during admission (e.g. the partner was invited to join the patient while watching the 
video) and outpatient visits. The control group received the usual postoperative care, 
consisting of a short instructional letter from the physiotherapist and one phone call 
2 days after discharge.
Patients on the waiting list were randomly assigned to have surgery in weeks 2 or 
4 of the month by a blinded and independent member of the planning agency. As the 
GOES requires logistic actions and all patients having surgery on the same day should 
form one group as there will be interaction between patients, it was decided that all 
patients having surgery in week 2 of each month would form the control group, and 
those in week 4 the GOES group.
To validate the conceptual theory, all patients were analyzed as one group, as 
the conceptual theory purely enhances the relationship between the variables of the 
intervening mechanism and the outcome domain independently of the treatment 
domain.
Data were collected preoperatively and 6 and 26 weeks postoperatively. At the 
preoperative measurement, patients filled in the questionnaires at admission. For the 
postoperative measurements the questionnaires were sent to the patients’ homes 1 
week before their visit to the outpatient clinic and were returned and checked at the 
visit. The study was conducted in accordance with the regulations of the Medical 
Ethical Committee of the UMCG.
Measurements
Patient characteristics (age, gender, body mass index (BMI), previous arthroplasty, 
length of hospital stay) were collected from the patients’ medical file. Intervening 
mechanism and outcome variables were measured with self-reported questionnaires.
Self-efficacy was measured with a Dutch translation of the Self-Efficacy for 
Rehabilitation Outcome Scale (SER).16 The SER assesses patients’ beliefs about their 
ability to perform behaviors typical of physical rehabilitation. The scale consisted of 
12 items. Typical items included ‘During my rehabilitation, I believe I can do therapy 
that requires me to stretch my leg’ and ‘During my rehabilitation, I believe I can do 
my therapy regardless of the amount of pain I am experiencing’. Items were rated on 
an 11-point Likert scale ranging from 0 (I cannot do) to 10 (certain I can do). Social 
support was measured with the GO-SSS, which consists of two subscales: Perceived 
Social Support (7 items) and Instrumental Support (5 items).17 An example item is: 
‘My family and friends are there for me when I am sick’. On a Likert scale, four 
responses are possible, ranging from 1 (never or rarely) to 4 (often). The total score 
was obtained by summing the two subscores. Pain-coping was measured with the 
translated version of the TAMPA.18 Eight non-relevant items were removed. Patients 
had to indicate if they ‘highly agree’, ‘agree’, ‘disagree’ or ‘highly disagree’ with 9 
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statements such as ‘Although my condition is painful, I would be better off if I were 
physically active’. 
Of the outcome measures, ADL functioning was measured with the Western 
Ontario and McMaster Universities (WOMAC) Osteoarthritis Index.19 On the 24 
items, responses were given on a 5-point Likert scale. Physical activity behavior was 
measured using the sum of two subscales of the Physical Activity Questionnaire for 
the Elderly: sports activities and leisure-time activities.20 By asking how much time 
is spent per week on an activity over a certain period of time, the amount of energy 
(kcal) a person spends in that period was calculated using the metabolic equivalent 
(MET) intensity level of that activity.21,22 For this study, the mean per day over a 
6-week period was calculated. Health-related quality of life was measured with the 
Short-Form 36 Health Survey (SF-36), which consists of 9 scores.23 Only the physical 
functioning score was used, as after total joint arthroplasty patients improve most on 
the physical component of quality of life compared to the mental component.24
All scores, except the outcome of the Physical Activity Questionnaire, were 
recoded into a 100-point scale, with a higher score indicating a better score.
Statistics
For the analysis, missing values were replaced with the mean of the completed 
questions on that questionnaire. How many missing values can be replaced in this way 
is limited by the internal consistency (Cronbach’s alpha) of the questionnaire. When 
not all the missing values could be replaced, the questionnaire was excluded from the 
analysis. Descriptive statistics were used to obtain characteristics of the patients and 
the intervening mechanism and outcome variables. The t-tests or χ2-tests were used to 
determine if differences existed in patient characteristics and intervening mechanism 
and outcome variables preoperatively between the GOES and control group.
Longitudinal random coefficient analyses were used to determine validity of the 
action theory. The three measurements of the intervening mechanism variables were 
defined as dependent variables. Preoperative values of the dependent variables were 
included as covariates. The regression coefficient for the group × time interaction 
term (with control group 0, GOES group 1 and time in weeks) reflected treatment 
effect over time. The Wald statistic was used to determine statistical significance of 
the treatment effects on the intervening mechanism variables. In a second analysis, 
several patient characteristics were considered as possible confounders: age, gender, 
place of arthroplasty, BMI and previous arthroplasty. A third analysis determined 
whether there were other variables mediating the relation between treatment and 
outcome. In other words, we sought to analyze whether the GOES has a direct effect 
on the outcome variables. This was done with the same random coefficient analyses, 
using the outcome variables as dependent variables.
A canonical correlation analysis (CCA) was conducted on the total group of 
patients towards validation of the conceptual theory. A CCA is used to examine 
the relation between two sets of variables.25 In this study, the total scores on the 
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questionnaires were used for the variables of the intervening mechanism. These 
variables were included in the analysis as predictor variables of the outcome variables 
(criterion variables). For the outcome variables, the scores on the WOMAC, physical 
activity and SF-36 physical functioning were included in the analysis. The CCA 
examines the Pearson r correlation between a synthetic (also known as unobserved or 
latent) predictor and a synthetic criterion variable, both created by applying a linear 
equation to the observed variables to create a single synthetic variable. This set of 
equations is called a canonical function. There will be as many canonical functions as 
there are variables in the smallest set, so in this study there are three functions. Only the 
functions that explain a reasonable amount (over 10%) of the relation between the two 
sets were considered for interpretation. The CCA allowed us to investigate the relation 
between the two domains in one analysis, which respects the multidimensional nature 
of reality (and the model) and limits the probability of committing a type-I error – as 
the risk for such error increases when many statistical tests are performed on the 
same variables of a data set.25 Three CCAs were conducted on the data of the three 
measurement times separately. 
The statistical package SPSS (version 12.0, Chicago) was used for data analysis. 
A p-value lower than 0.05 was considered statistically significant.
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A total of 124 patients were randomized. One patient (0.8%) was willing to participate 
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The results of 103 patients are presented, with a mean age of 63.8 (±10.9) years. Of 
these patients, 28.4% lived alone, 52.9% with a partner, 14.7% with a partner and one 
or several children, and 3.9% without a partner but with children. Table 1 shows the 
characteristics. No differences were seen between the GOES and control groups (p > 
0.10). Only the BMI of the dropout patients was significantly different from that of 
the included patients (drop-out patients 29.2 (± 3.7) kg ∙ m-2 versus included patients 
27.0 (± 3.4) kg ∙ m-2; t = 2.707, p = 0.008).
Action theory
Means and standard deviations of the intervening mechanism and outcome variables 
preoperatively and postoperatively are displayed in Table 2. No significant differences 
were seen preoperatively between the GOES and control groups (p > 0.10).
The results of the random coefficient analyses showed no significant differences 
between the GOES and control groups in terms of changes between preoperative 
and postoperative values of all three variables of the intervening mechanism domain 
(Table 3). Only on the subscale perceived social support was a significant group × 
time effect found (p = 0.021). The perceived social support score of the control group 
shows less decrease over time than that of the GOES group. Adjusting for age, gender, 
hip or knee arthroplasty, BMI and previous arthroplasty does not have any effect on 
the regression coefficients of the main and interaction effects.
To determine if the GOES does have an effect on the outcome variables, the same 
random coefficient analyses were done with the outcome variables as dependent 
variables. Again, no difference between the GOES and the control group was seen in 
the development over time on these variables (results not presented).
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Table 1. 
Patient characteristics at baseline.
Total group GOES group Control group
Number of patients 103 50 53
THA (%) 75 (72.8) 39 (78.0) 36 (67.9)
TKA (%) 28 (27.2) 11 (22.0) 17 (32.1)
Male (%) 28 (27.2) 11 (22.0) 17 (32.1)
Female (%) 75 (72.8) 39 (78.0) 36 (67.9)
Previous arthroplasty: yes (%) 33 (32.0) 15 (30.0) 18 (34.0)
Previous arthroplasty: no (%) 70 (68.0) 35 (70.0) 35 (66.0)
Age (years) 63.8 (10.9) 62.3 (11.2) 65.2 (10.6)
BMI (kg ∙ m-2) 27.0 (3.4) 27.0 (3.3) 27.0 (3.4)
LOS (days) 7.3 (3.6) 7.2 (3.7) 7.4 (3.4)
NOTE. Displayed values are means (SD) unless otherwise specified.
Abbreviations: BMI= Body Mass Index; LOS= length of hospital stay.
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Conceptual theory
A canonical correlation analysis (CCA) was conducted using the three intervening 
mechanism variables as predictors of three outcome variables to evaluate the 
multivariate shared relationship between the two variable sets. Preoperatively, the 
CCA yielded three canonical functions with canonical correlations (Rc) of 0.466, 
0.292 and 0.045 (Rc
2 = 0.217, 0.085 and 0.002) between the two sets. The full model 
was statistically significant with Wilks’ λ = 0.715, F(9,228.92) = 3.760, p < 0.001. 
Wilks’ λ represents the variance unexplained by the model, therefore 1-λ yields the 
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Intervening mechanism variables and outcome variables of the GOES group (N=43-50) 









GOES group 64.9 (16.5) 64.1 (15.7) 71.8 (16.5)
Control group 70.0 (16.4) 72.4 (16.7) 73.2 (20.0) 
Social support
GOES group 71.0 (19.3) 67.4 (24.9) 55.0 (21.7)
Control Group 70.1 (22.1) 66.0 (22.5) 55.9 (19.8)
Perceived social support
GOES group 78.6 (17.8) 72.5 (24.5) 68.5 (23.3)
Control group 76.1 (20.7) 73.0 (21.6) 72.5 (22.3)
Instrumental social support
GOES group 62.1 (28.4) 61.1 (28.5) 36.6 (26.0)
Control group 62.4 (32.1) 56.2 (28.1) 33.2 (25.9)
Pain-coping
GOES group 41.3 (15.1) 48.3 (12.1) 52.4 (16.3)
Control group 41.3 (14.1) 47.9 (15.2) 49.1 (14.7)
Outcome variables
ADL functioning 
GOES group 49.9 (15.0) 73.2 (14.6) 80.3 (13.3)
Control group 47.1 (15.6) 73.9 (15.6) 76.3 (15.4)
Physical activity behaviour
GOES group 630.6 (751.8) 336.2 (358.5) 636.5 (681.9)
Control group 490.3 (499.8) 266.4 (236.5) 452.4 (508.3)
Quality of Life physical functioning
GOES group 38.8 (16.9) 49.9 (19.2) 67.1 (21.9)
Control group 34.8 (18.9) 47.2 (21.3) 60.0 (22.8)
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full model effect size, which was 0.285. Thus, for the set of three canonical functions, 
the model explained 28.5% of the variance shared between the variable sets. Given 
the Rc
2 effects for the three functions, only the first was considered noteworthy (21.7% 
shared variance). Table 4 presents the standardized canonical function coefficients, 
structure coefficients and squared structure coefficients for the first function.
Looking at the coefficients, the relevant criterion variable preoperatively was 
quality-of-life (QoL) physical functioning, with secondary contributions by ADL 
functioning and physical activity behavior. This conclusion was supported by the 
squared structure coefficients, with physical activity behavior sharing the least 
proportion of variance with the synthetic variable. All structure coefficients had the 
same sign, indicating that all variables were positively related. In terms of the predictor 
variable set, pain-coping was the primary contributor to the synthetic predictor 
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Table 3. 
Results of the Longitudinal Random Coefficient Analyses.
Intervening mechanism variables Crude modela Corrected modelb
β ( 95% CI) p-value β (95% CI) p-value
Self-efficacy Main effect time 0.10 (-0.09 – 0.29) 0.310 0.10 (-0.09 – 0.29) 0.310
Main effect group -4.25 (-8.84 – 0.33) 0.069 -4.83 (-9.27 – -0.39) 0.033*
Interaction effect 
group×time
0.20 (-0.07 – 0.48) 0.149 0.20 (-0.07 – 0.48) 0.150
Social support Main effect time -0.54 (-0.69 –  -0.38) 0.000* -0.54 (-0.69 – -0.38) 0.000*
Main effect group 0.37 (-3.84 – 4.59) 0.862 0.72 (-3.49 – 4.92) 0.738
Interaction effect 
group×time
-0.11 (-0.33 – 0.11) 0.325 -0.11 (-0.33 – 0.11) 0.331
PSS Main effect time -0.11 (-0.26 – 0.04) 0.150 -0.11 (-0.26 – 0.04) 0.150*
Main effect group -0.41 (-4.64 – 3.81) 0.847 -0.25 (-4.42 – 3.93) 0.907
Interaction effect 
group×time
-0.26 (-0.47 – -0.04) 0.021* -0.26 (-0.47 – -0.04) 0.021*
ISS Main effect time -1.13 (-1.38 – -0.88) 0.000* -1.13 (-1.38 – -0.88) 0.000*
Main effect group 1.53 (-4.56 – 7.61) 0.622 1.87 (-4.19 – 7.92) 0.544
Interaction effect 
group×time
0.11 (-0.25 – 0.47) 0.551 0.11 (-0.25 – 0.47) 0.546
Pain-coping Main effect time 0.23 (0.08 – 0.38) 0.004* 0.23 (0.08 – 0.39) 0.003*
Main effect group -0.59 (-4.33 – 3.15) 0.756 0.75 (-4.44 – 2.93) 0.687
Interaction effect 
group×time
0.13 (-0.10 – 0.35) 0.269 0.12 (-0.10 – 0.35) 0.278
PSS: perceived social support; ISS: instrumental social support.
a   Adjusted for baseline value of outcome measure; GOES group = 1, control group = 0.
b   Additionally adjusted for age, sex, place of arthroplasty (hip/knee), body mass index (BMI = weight 
in kg divided by height in m2) and previous arthroplasty (yes/no).
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variable. Neither self-efficacy nor social support made a considerable contribution to 
the synthetic predictor variable.
At 6 weeks the analysis yielded three functions with canonical correlations 
(Rc) of 0.499, 0.216 and 0.033 (Rc
2 = 0.249, 0.047 and 0.001). The full model was 
statistically significant with Wilks’ λ = 0.715, F(9,209.45) = 3.438, p = 0.001. The full 
model effect size (1-λ) was 0.285. Given the Rc
2 effects for the three functions, only 
the first was considered noteworthy (24.9% shared variance).
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Table 4. 
Canonical solution for intervening mechanism predicting outcome for function 1.
Variables Coefficient rs rs
2 (%)
Preoperative (N=100)
Intervening mechanism (set 1)
   Self-efficacy .018 -.195 3.80
   Social support -.299 -.309 9.55
   Pain-coping -.955 -.954 91.01
Outcome (set 2)
   ADL functioning -.300 -.691 47.75
   Physical activity behaviour -.486 -.491 24.11
   QoL physical functioning -.701 -.791 62.57
6 weeks (N=92)
Intervening mechanism (set 1)
   Self-efficacy -.511 -.834 69.56
   Social support -.143 -.209 4.37
   Pain-coping -.633 -.860 73.96
Outcome (set 2)
   ADL functioning -.582 -.883 77.97
   Physical activity behaviour -.369 -.669 44.76
   QoL physical functioning -.316 -.758 57.46
6 months (N=94)
Intervening mechanism (set 1)
   Self-efficacy -.664 -.912 83.17
   Social support -.106 -.268 7.18
   Pain-coping -.460 -.795 63.20
Outcome (set 2)
   ADL functioning -.409 -.898 80.64
   Physical activity behaviour -.045 -.427 18.23
   QoL physical functioning -.639 -.961 92.35
NOTE. Structure coefficients (rs) greater than |.45| and squared structure coefficients greater than 20% 
are in italics. QoL = Quality of Life; Coef = standardised canonical function coefficient; rs = structure 
coefficient; rs
2 = squared structure coefficient. Physical activity behaviour is recoded into ln (physical 
activity score + 10) to adjust for non-normality.
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Looking at the coefficients in Table 4, the relevant criterion variable was ADL 
functioning, with secondary contributions by QoL physical functioning and physical 
activity behavior. This conclusion was supported by the squared structure coefficients. 
Again, all structure coefficients had the same sign, indicating that all variables were 
positively related. Regarding the predictor variable set, pain-coping and self-efficacy 
were the primary contributors to the synthetic predictor variable; social support did 
not make a considerable contribution.
At 26 weeks the analysis yielded three functions with canonical correlations 
(Rc) of 0.748, 0.242 and 0.048 (Rc
2 = 0.559, 0.059 and 0.002). The full model was 
statistically significant with Wilks’ λ = 0.414, F(9,214.32) = 10.406, p < 0.001. The 
full model effect size (1-λ) was 0.586. Given the Rc
2 effects for the three functions, 
only the first was considered noteworthy (55.9% shared variance).
Considering the coefficients, the relevant criterion variable was QoL physical 
functioning, with a secondary contribution by ADL functioning (Table 4). This 
conclusion was supported by the squared structure coefficients. All structure coefficients 
had the same sign, indicating that all variables were positively related. As for the 
predictor variable set, self-efficacy and pain-coping were the primary contributors to 
the synthetic predictor variable, again without a considerable contribution of social 
support.
Power analysis
With an average sample size of 103 at the first and second follow-up measurements, 
an average standard deviation of 17.2, a correlation between the first and second 
follow-up measurements of 0.409, and with a significance level of 5% and a power of 
80%, the smallest difference in self-efficacy between the GOES and control groups 
that will be significant in this study is 4.3 points on the self-efficacy total score as 
measured with the Dutch SER.26 Self-efficacy was chosen as measure for the power 
analysis, as it is the central determinant of Bandura’s social cognitive theory on which 
the GOES is based. 
There is no real consensus on how to determine the power in CCA. According 
to Stevens, at least 20 times as many cases as variables are needed in the analysis 
to obtain reliable results with the CCA.27 Hair et al. state that at least 10 cases per 
variable are needed.28 A sample size of 103 is therefore considered sufficient to obtain 
reliable results in the CCA with six included variables. 
Discussion
Action theory
The success of the program theory of the GOES is dependent on the success of the 
action theory as well as the conceptual theory.9 The first aim was to validate the 
action theory. The hypothesis was that the GOES treatment positively influences 
the three intervening mechanism variables self-efficacy, social support and pain-
coping. No significant differences between the GOES group and the control group 
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could be demonstrated in the changes between preoperative and 6-week and 26-week 
postoperative values of the intervening mechanism variables. Only on the perceived 
social support subscale was a significant difference seen, however, in favor of the 
control group. The fact that adjusting for several patient characteristics did not have 
any effect on the result of the analyses was expected, as the patients were randomized. 
It can be concluded that the randomization has resulted in two comparable groups.
There are several possible explanations for not finding an effect. The first is that 
the GOES treatment results in the anticipated outcome through intervening mechanism 
variables other than those in our model. In that case, we would see a difference in terms 
of changes between preoperative and postoperative values between the GOES and the 
control group in the outcome variables. As no difference was seen, this explanation 
is not plausible.
Another explanation concerns implementation of the treatment. No problems 
were encountered except for the aspect of partner participation. As we considered it 
unethical to refuse patients who could not bring a partner to participate in the short-
stay program, some patients receiving the GOES treatment may not have had that 
source of social support (17% had no partner). As partner participation was only one 
of the four parts of the GOES treatment, we decided not to exclude these patients 
from the analysis. This could have diminished the effect of the treatment. Because the 
GOES treatment is evaluated as a whole, we are unable to make pronouncements on 
the effect of intervention parts separately.
The third explanation – the most reasonable in our view – is that the GOES 
treatment is not specific enough to generate an effect. It is possible that the given 
information has to be more adjusted to the individual. Especially for the variable 
self-efficacy, it is known that an intervention should be highly specific to result in 
increased self-efficacy.29 For this reason, the GOES treatment consisted of different 
videos and newsletters for THA and TKA patients; the patients presented in the 
video were not all success stories, we also showed their difficulties and problems 
encountered. However, providing the individual patient with information based on 
his/her own personal circumstances and progression in the rehabilitation could be 
necessary to obtain the anticipated effect. Within the concept of the GOES treatment, 
the written information can be more tailored to the individual home situation, speed 
of recovery, rehabilitation goals and information needs. The written information can 
be supplemented by calling patients at home more frequently to provide additional 
individual advice. Further, the support network can be enlarged from only the partner 
to a group of fellow patients. This can be accomplished by establishing group visits to 
the outpatient clinic. The effect of tailored interventions in several orthopedic patient 
groups is promising, despite limited support for tailored interventions being found 
in some studies.30-33 The great advantage of a tailored intervention is that important 
determinants of behavioral change can be addressed in ways that are most relevant to 
the individual. More research is needed to determine how tailoring works, as this is 
currently a black-box.34
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Conceptual theory
The second aim was to validate the conceptual theory. A positive relationship was 
hypothesized between self-efficacy, social support and pain-coping on the one hand 
and physical activity behavior, ADL functioning and QoL physical functioning on the 
other. The results of the CCA show moderate-to-large canonical correlations of the 
interpreted functions for the preoperative, 6-week and 26-week postoperative data, 
explaining a reasonable amount of variance. This amount of explained variance is 
comparable with the variance found in interventions based on behavioral theories for 
promoting health-related lifestyle behaviors.35
Of the intervening mechanism variables, social support contributed the least to the 
relationship between the synthetic variables of intervening mechanism and outcome 
domain in all three models. In the literature there are some contradicting results which 
appear to be highly dependent on what aspect of social support is measured. The general 
assumption is that amount of support and instrumental support have less impact than 
perceived social support.15,36 However, including only the ‘perceived social support’ 
subscale of the GO-SSS in the CCA did not produce improved results. 
The two other intervening mechanism variables, self-efficacy and pain-coping, 
both made a large contribution to the synthetic variable in the postoperative models. 
Preoperatively, only pain-coping contributed substantially. Research done so far 
into the relation between self-efficacy and physical functioning has focused on the 
postoperative period.10,37 The positive correlation between self-efficacy and physical 
functioning that was found in this period was supported by the results of our study. The 
fact that self-efficacy did not contribute preoperatively can be explained by the way 
the questions in the self-efficacy questionnaire are formulated: it asks how confident 
one is about performing certain activities after the surgery.
Of the outcome variables, physical activity behavior made the least contribution. 
One explanation is that the self-efficacy questionnaire measures how confident patients 
are about performing certain ADL activities which are the first and most relevant 
ones they can perform after surgery. Another explanation is the recall problem, 
which is always present when using questionnaires; on the other hand, administering 
questionnaires is a useful and valid way to assess physical activity.38
A limitation of the CCA is that, although one variable set is identified as predictor set 
and the other as criterion set based on our hypotheses, no causality can be demonstrated, 
as the CCA examines ‘just’ the correlation between two sets. In reality, no pure causal 
relationships exist, therefore the CCA does reflect the reality – maybe even better. 
Caution is nonetheless warranted in statements about causality.
Limitations 
One limitation of the study is that the GOES treatment was offered and evaluated as a 
whole. The (possible) influence of the separate parts could therefore not be determined. 
On the other hand, the black-box between treatment and outcome can be opened with 
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validation of the action theory. Additionally, although we have the impression that 
our short-stay group of patients is comparable to those of other hospitals, it is known 
that the hospital population in a university hospital can be different from non-teaching 
hospitals. Further research should be done into the generalisability of our results.
Conclusion
No additional effect of the GOES treatment compared to usual care could be 
determined. The action theory is thus not supported. The conceptual theory is partly 
supported: a correlation is apparent between self-efficacy and pain-coping on the one 
hand and ADL functioning and QoL physical functioning on the other. The amount of 
variance explained is reasonable and in line with results of other research.
Practice implications
The GOES program is not effective in its current form. Further research is necessary 
to determine if a more individualized treatment does have an effect. As self-efficacy 
and pain-coping in particular are found to have a relation with the outcome variables, 
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Preoperative or postoperative 
self-efficacy:
which is a better predictor of outcome after 




Objective: Self-efficacy is considered an important determinant of outcome after 
total hip or knee arthroplasty. Aim of this study is to evaluate the contributions of 
preoperative and short-term postoperative self-efficacy in predicting long-term 
outcome.
Methods: Self-efficacy was determined in 103 total hip and knee arthroplasty patients 
preoperatively and 6 weeks postoperatively with the Self-Efficacy for Rehabilitation 
Outcome Scale. The 6-month outcome was assessed with a disease-specific and a 
generic self-report questionnaire and an objective measure of function (walking speed). 
Multiple linear regression analyses were used to examine the value of preoperative 
and short-term postoperative self-efficacy in predicting 6-month outcomes.
Results: Preoperative self-efficacy was only a significant predictor of long-term 
postoperative walking speed, with higher self-efficacy resulting in faster walking 
speed at the long-term measurement (R2 = 0.47). Short-term postoperative self-
efficacy was a significant predictor of the long-term postoperative generic outcome 
measure (physical functioning: R2 = 0.30; mental health: R2 = 0.53) and of walking 
speed (R2 = 0.66), with higher self-efficacy resulting in a better long-term outcome.
Conclusion: Short-term postoperative self-efficacy seems a better predictor of long-
term outcome after total hip or knee arthroplasty than preoperative self-efficacy. 
Practice implications: Interventions should focus on enhancing short-term 
postoperative rather than preoperative self-efficacy.
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Introduction
Total hip and knee replacement surgery are the most performed and successful 
interventions within the field of orthopedics. However, there is great variance 
in outcome after total joint replacement.1 Several studies have been performed 
into determinants explaining the variability in outcome. Determinants mentioned 
include preoperative status, age, sex, BMI and number of comorbidities.1-3 A major 
proportion of the variability in outcome remains unexplained though.3 Understanding 
the determinants of outcome could aid the development of interventions aiming to 
change the outcome behavior by influencing the relevant determinants. Self-efficacy 
is considered to be one of the important determinants in the context of total joint 
replacement. Bandura defined self-efficacy as ‘the conviction that one can successfully 
execute the behavior required to produce the desired outcome’.4 Self-efficacy reduces 
anticipatory fears and inhibitions, therefore determining whether people try to cope 
with difficult situations. Through expectations of eventual success, self-efficacy also 
determines how much effort people make and how long they persist when obstacles 
and adverse situations are encountered. In the context of total joint replacement, a 
number of studies address the relation between self-efficacy and outcome. The studies 
differ in the used measurement scale for self-efficacy, type of outcome measure(s) 
and moment(s) of assessment, among other things. As for moment of assessment, a 
distinction can be made between studies using preoperatively-determined self-efficacy 
as predictor and those assessing self-efficacy postoperatively.
Preoperatively-assessed self-efficacy was used in a study of Engel et al., in which 
preoperative coping self-efficacy and expectancies explained on average 10% of the 
variance in outcome assessed with the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) and Short From-36 (SF-36) after controlling for 
preoperative status in total knee arthroplasty (TKA) patients.5 Dohnke et al. also 
assessed self-efficacy preoperatively: the effect of self-efficacy for pain as well as for 
disabilities (Arthritis Self-Efficacy Scale (ASES)) on the changes in pain, disabilities 
and depressive symptoms from admission to discharge and from discharge to 6-month 
follow-up was determined in total hip arthroplasty (THA) patients.6 Self-efficacy at 
admission and the change in self-efficacy from admission to discharge appeared to 
be significant predictors. Two other studies determined self-efficacy postoperatively. 
Kurlowicz et al. assessed the effect of self-efficacy determined four days after 
surgery on 6-week functional ability (Functional Status Index (FSI)) in THA patients 
with the Self-efficacy Expectation Scale (SES).7 Adjusted R2 was 0.16. Moon and 
Backer assessed self-efficacy and outcome expectancy (Preoperative Self-Efficacy & 
Outcome Expectancy Scale (P-SES & P-OES)) on the first day postoperatively, and 
determined the effect of these determinants on ambulation distance and frequency of 
certain exercises performed in bed on the second day postoperatively in both THA 
and TKA patients.8 Contrary to outcome expectancy, self-efficacy appeared to be a 
significant predictor of the outcome variables, explaining 8–33% of the variance. 
Only one study determined self-efficacy preoperatively as well as postoperatively: 
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Orbell et al. determined the effect of self-efficacy and goal importance on disability 
preoperatively and 3 and 9 months postoperatively in THA and TKA patients.9 
Preoperatively assessed self-efficacy appeared to be no significant predictor of 3-
month disability, but assessed at 3 months it explained 6% of the variance in 9-month 
disability. From the studies done so far it is not clear why some assess self-efficacy 
preoperatively and others postoperatively. To determine whether preoperative or short-
term postoperative self-efficacy is a better predictor of outcome, self-efficacy should 
be determined preoperatively as well as postoperatively in the same population, and 
outcome should be determined with the recommended outcome measures after total 
hip and knee arthroplasty.
Within the scope of offering interventions in order to influence the level of self-
efficacy, it would be desirable to determine self-efficacy preoperatively. However, the 
predictability of self-efficacy can be underestimated if the initial efficacy beliefs used 
as predictors are no longer the ones operating at the time the outcome is assessed.10 The 
surgery and the first weeks of rehabilitation can change self-efficacy, as experiences 
of quick success may improve it. From that perspective, postoperatively assessed self-
efficacy may be a better predictor for outcome of THA and TKA in the long term. 
Aim of this study is to evaluate the contributions of preoperatively-determined and 
short-term postoperatively-determined self-efficacy in predicting long-term outcome, 
assessed with a disease-specific and a generic self-report outcome measure as well as 
a performance-based outcome measure for total hip and knee replacement surgery.
Methods
Patients and Data collection
Participants of the study were a consecutive sample of patients scheduled for primary 
total hip or knee arthroplasty and participating in the short-stay program of the 
Orthopedic Department of University Medical Center Groningen. All patients were 
allowed to start walking with aids on the first postoperative day and were discharged 
on the fifth postoperative day, unless there were complications. No physical therapy 
was prescribed.
Data were collected at three moments. The preoperative measurement was done 
upon admission to the hospital. The short-term postoperative measurement took place 
at the first visit to the outpatient clinic 6 weeks after the surgery, when the initial 
stage of the rehabilitation is completed. The long-term postoperative measurement 
was taken 6 months after surgery, as at that moment no large improvements can be 
expected.11,12 The present study was executed in accordance with the regulations of the 
Medical Ethical Committee of University Medical Center Groningen.
Measures
Self-Efficacy
Self-efficacy was measured with a Dutch translation of the Self-Efficacy for 
Rehabilitation Outcome Scale (SER).13,14 The SER assesses patients’ beliefs about 
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their ability to perform activities typical of physical rehabilitation. The scale consists 
of 12 items that are summed and recoded into a 100-point scale, with a higher score 
indicating more self-efficacy. The items all start with ‘During my rehabilitation, I 
believe I can do…’ and increase in difficulty, from ‘Therapy that requires me to stretch 
my leg’ to ‘Therapy that requires me to walk’. There are items assessing patients’ 
beliefs about performing activities in varying therapy situations, such as ‘During 
my rehabilitation, I believe I can do my therapy regardless of the amount of pain 
I am feeling’. Factor analysis revealed 2 subscales which can be characterized as 
task self-efficacy and coping self-efficacy, according to the distinction proposed by 
Maddux.14,15 All items are rated on an 11-point Likert scale ranging from 0 (I cannot 
do) to 10 (certain I can do). The scale is considered a reliable and valid questionnaire 
to assess self-efficacy in THA and TKA patients. Internal consistency was 0.94 for 
the entire scale. The total amount of variance explained by the two factors yielded by 
factor analysis was 72.7%.14
Self-report outcome measures
The Dutch version of the Western Ontario and McMaster Universities (WOMAC) 
Osteoarthritis Index was used as disease-specific outcome measure.16 This scale 
consists of 3 subscales: pain (5 items), stiffness (2 items) and physical functioning 
(17 items). Responses are given on a 5-point Likert scale. The scores are recoded 
into a 100-point scale, with a higher score representing a better score. The Dutch-
language version of the Short-Form 36 Health Survey (SF-36) was used as generic 
outcome measure.17 Of the 9 subscales, physical functioning and mental health were 
used in this study. Each scale is transformed into a 100-point scale, with a higher score 
representing a higher quality of life. 
Performance-based outcome measure
Walking speed was determined with an ambulatory measuring device that uses body-
fixed sensors.18 Patients were instructed to walk at their preferred speed over 20 
meters in a normal hospital corridor. Walking speed could be determined by using 
lower trunk accelerations.
Statistical analysis
Mean values and standard deviations of the patient characteristics and preoperative 
and postoperative scores on the WOMAC, SF-36 and walking speed values were 
calculated. Pearson’s correlation coefficients were calculated between the preoperative 
and 6-week postoperative self-efficacy scores and the 6-month score on the WOMAC, 
SF-36 and walking speed. Multiple linear regression analysis was used to examine 
the value of self-efficacy in predicting the 6-month value of the different measures 
used. First, preoperatively-assessed self-efficacy was analyzed. In step 1 the relation 
between baseline WOMAC total score and the 6-month postoperative value of the 
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A total of 124 patients participated in the short-stay program between September 2002 
and August 2004. One patient refused to participate due to personal circumstances. 
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Whitney U=691.5, p=0.02). The same was seen when the group of patients who were 
lost to follow-up after the second measurement (N=13) and the group of patients with 
completed follow-up (N=103) were compared on the 6-week postoperative data (BMI: 
30.0 versus 27.0 kg ∙ m-2; Mann-Whitney U=501.0, p=0.02). Between the patients 
who only completed the initial measurement (N=7) and those who completed the first 
as well as the second measurement (N=116), no differences were seen on the initial 
measurement data or patient characteristics. This drop-out analysis indicates that, 
besides the BMI value, the patients with completed follow-up are representative of 
the initially enrolled patients. The subsequent analyses were performed on the patients 
with completed follow-up (N=103). The 103 patients had a mean age of 63.8 (±10.9) 
years at the time of surgery. The group consisted of 75 THA and 28 TKA patients. 
Table 1 shows the characteristics at baseline.
Table 1. 
Patient characteristics (n = 103) at baseline.
THA (%) 75 (72.8)
TKA (%) 28 (27.2)
Male (%) 28 (27.2)
Female (%) 75 (72.8)
Age (years) 63.8 (10.9)
BMI (kg ∙ m-2) 27.0 (3.4)
NOTE. Displayed values are means (SD) unless otherwise specified.
Abbreviations: BMI= Body Mass Index.
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Pearson’s correlation coefficients
Table 2 shows the mean values and standard deviations of the patients on self-efficacy, 
WOMAC, SF-36 physical functioning and mental health subscales and walking speed, 
as determined preoperatively and 6 weeks and 6 months postoperatively. Over 6 
months, patients improved on all outcome measures except for SF-36 mental health. 
Correlations between preoperatively-assessed and short-term postoperatively-
assessed self-efficacy and the different outcome measures determined 6 months 
postoperatively are displayed in Table 3. For preoperative self-efficacy, only the 
correlations with SF-36 mental health and walking speed were significant. All 
correlations between preoperatively determined self-efficacy and the 6-month 
outcome were low (r<0.4). Self-efficacy determined short-term postoperatively 
correlated significantly with all four outcome measures. The correlation coefficient 
between preoperatively determined self-efficacy and short-term postoperative self-
efficacy was 0.32 (p<0.01).
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Table 2. 
Preoperative and 6-week and 6-month postoperative means (SD) values of self-





Self-efficacy (N=102-103) 67.4 (16.6) 68.4 (16.7) 72.5 (18.2)
WOMAC (N=99-103) 48.4 (15.3) 73.6 (15.0) 78.2 (14.5)
SF-36 physical functioning (N=102-103) 36.7 (18.0) 48.5 (20.2) 63.4 (22.6)
SF-36 mental health (N=100-103) 75.7 (14.7) 77.9 (14.6) 76.4 (16.9)
Walking speed (N=95-102) 0.89 (0.19) 0.89 (0.20) 1.07 (0.21)
Table 3. 
Pearson’s correlations between preoperative and short-term postoperative self-efficacy 
and the outcome measures assessed 6 months postoperatively.
WOMAC SF-36 PF SF-36 MH Walking speed
Self-efficacy preoperatively 0.13 0.19 0.24* 0.30**
Self-efficacy 6 weeks postoperatively 0.34** 0.35** 0.51** 0.29**
NOTE.   * p < 0.05 ** p < 0.01
Multiple linear regression analyses
Table 4 displays the results of the multiple linear regressions of the preoperatively-
assessed values on the 6-month determined value of the different measures. The 
equations were all significant (p<0.05) and accounted for 16–47% of the variance 
in outcome, with the least explained variance in the WOMAC equation. The 
preoperatively-assessed score was the single most important predictor of the 6-month 
score on that same outcome measure. Preoperative self-efficacy had only a significant 
contribution to the walking speed equation, with higher self-efficacy resulting in 
higher walking speed. Including self-efficacy in the equation explains 4% more 
variability than the model with only preoperative walking speed adjusted for patient 
characteristics.
Table 5 shows the results with the 6-week postoperatively determined values 
added to the regression equations. The equations were all significant (p<0.05) and 
accounted for 26–66% of the variance in the 6-month postoperative outcome, with 
the least explained variance in the SF-36 physical functioning equation. The 6-
week postoperative score was the most important variable in predicting the 6-month 
outcome. Self-efficacy assessed at 6 weeks after surgery was a significant predictor of 
the 6-month score of the two SF-36 subscales and walking speed; higher self-efficacy 
at 6 weeks after surgery was associated with a better outcome at 6 months. Six-week 
self-efficacy contributed to 2–6% (step 2 vs. step 1) explained variance in outcome. 



































































































































































































































































































































































































































































































































































































































































































































































































































































Aim of this study was to evaluate the contributions of preoperatively-determined and 
short-term postoperatively-determined self-efficacy in predicting long-term outcome. 
The results of the regression analyses show that preoperatively-determined self-
efficacy was a significant predictor of long-term postoperative walking speed, adjusted 
for preoperative walking speed and patient characteristics, with a higher preoperative 
self-efficacy score resulting in a faster walking speed. Self-efficacy determined 
short-term postoperatively was a significant predictor of the long-term postoperative 
SF-36 subscales physical functioning and mental health as well as walking speed, 
adjusted for the short-term postoperative score of the outcome measure and patient 
characteristics, again with a higher preoperative self-efficacy score resulting in a 
better score in the long-term. Short-term postoperative self-efficacy therefore seems 
to be a better predictor of long-term outcome.
As mentioned in the introduction, several studies have been conducted into the role 
of self-efficacy in predicting the outcome after total joint replacement, using different 
outcome measures.5-9 To determine the outcome of a total hip or knee replacement, 
the WOMAC as a disease-specific self-report measure and the SF-36 as a generic 
self-report measure are the most widely used and recommended questionnaires.11,19 
Further, it is advised to use an objective measure, as with performance-based measures 
a different aspect of outcome is determined than with self-report measures.20-22 The 
effect of self-efficacy on both a disease-specific and a generic self-report outcome 
measure as well as a performance-based outcome measure was not determined in total 
joint replacement patients until now. Additionally, different self-efficacy measures 
and different moments of assessment are used, which makes it even more difficult to 
compare the results of the mentioned studies with our results.
Despite these restrictions and the fact that the study of Engel et al. only assessed 
TKA patients, their results can best be used as comparison since they used two of 
the three outcome measures we used (WOMAC and SF-36) and also adjusted for 
preoperative score.5 Moreover, we adjusted for operation joint (hip or knee) in our 
multiple regression analyses. In the study of Engel et al., preoperative self-efficacy 
and expectancies explained on average 10% of the variance in outcome, which is 
more than we found in our results (2% for SF-36 physical functioning). This may 
be due to the fact that Engel et al. also assessed outcome expectancies.5 According 
to Bandura’s theory, people have to possess high self-efficacy as well as a positive 
outcome expectation in order to execute certain behavior. However, measures of 
outcome expectancies seem not to add much to the prediction of behaviors beyond 
the contribution of self-efficacy beliefs.4,8,23,24
Another difference between the present study and the study of Engel et al. is 
that they assessed coping self-efficacy, while we determined task as well as coping 
self-efficacy.5 Task self-efficacy refers to the confidence someone has to perform the 
elemental aspects of a task, coping self-efficacy refers to the confidence one has to 
perform the task under challenging conditions.15 The distinction seems to be relevant 
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to exercise behaviour.25 Since the self-efficacy questionnaire we used assessed 
task as well as coping self-efficacy, more explained variance would be expected 
compared to the study of Engel et al., who only determined coping self-efficacy. The 
opposite was the case though. Additionally, when comparing the predictive value 
of the two subscales determining task and coping self-efficacy, no difference was 
found in predicting outcome at 6 months. A possible explanation is that we did not 
measure behavioural intention and that – although the WOMAC is the recommended 
questionnaire for functional outcome after total hip and knee arthroplasty – quality 
of function, not quantity, is determined. The predictive value of task and coping self-
efficacy on the amount of activity can therefore not be determined, while task self-
efficacy has especially shown to be related to exercise frequency.26
Further, Engel et al. concluded that the effect of self-efficacy on the SF-36 mental 
health scale was lower than on the physical health scale, while we found opposite 
results. Remarkably, neither in our study nor in that of Engel et al. did the score on 
mental health really change after surgery compared to the other outcome measures. 
Their suggestion that the SF-36 mental health scale was not sensitive enough to changes 
in health status and quality of life in TKA patients seems to be valid for our population 
consisting of TKA as well as THA patients. The relevance in practice of our finding 
that self-efficacy has a significant contribution in predicting the long-term outcome as 
measured with the SF-36 mental health subscale is therefore questionable.
Only one study, by Orbell et al., assessed self-efficacy preoperatively as well 
as postoperatively.9 However, whether the 3-month postoperatively-determined self-
efficacy in that study can be considered short-term postoperatively and is comparable 
to our 6-week postoperative self-efficacy assessment is debatable. We chose 6 weeks, 
as at that point in time the first part of the rehabilitation has passed but there is still 
time to positively influence recovery. Additionally, Orbell et al. used only disability 
as outcome measure. Our finding nonetheless seems to be supportive of their results: 
Orbell et al. found that 3-month postoperatively-determined self-efficacy contributed 
6% to the explained variance in 9-month disability, while preoperative self-efficacy 
did not contribute significantly. 
The other studies were very different from ours in measures and assessment 
times. Overall, amounts of explained variance between zero and 10% are mentioned 
when using preoperative self-efficacy as predictor, while values between 6 and 33% 
are mentioned when postoperative when using self-efficacy. Postoperative self-
efficacy seems to be more predictive; however, not all studies controlled for baseline 
status, while our study confirmed the finding of others that the baseline score is the 
best predictor of the score determined later on that same measure.2 By including 
the baseline score in the equation, the additional predictive value of self-efficacy is 
determined. Hence the percentages mentioned above should be used with caution 
when comparing.
Our finding that short-term postoperative self-efficacy is a better predictor of 
long-term postoperative outcome than preoperative self-efficacy is in line with the 
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statement of Bandura that the predictability of self-efficacy is underestimated when the 
self-efficacy is no longer the one determined at the time of the outcome assessment.10 
As performance accomplishments are considered the most dependable source of 
self-efficacy, it can be expected that the surgery and especially the first weeks of 
rehabilitation would result in a change in the self-efficacy score. When looking at 
the data, the mean self-efficacy score did not change much from the preoperative to 
the 6-week postoperative value. Still, the predictive value of the 6-week score seems 
to be higher. In addition, when exploring the predictive value of a change score, it 
became clear that this score had less predictive value than the 6-week postoperative 
score alone (results not presented). It is reasonable for the 6-week self-efficacy score 
to be more related to the 6-month self-efficacy score and therefore a better predictor 
of the functional outcome at 6 months, as functional outcome and self-efficacy are 
closely linked. 
It seems hard to make a valid assessment preoperatively, since patients may 
have expectations but no experiences of success or failure – which they need to make 
a good evaluation of their capabilities to perform certain rehabilitation activities. 
Woolhead et al. even experienced that patients were unable to express expectations 
of outcome 3 months preoperatively, as, before surgery, they framed their responses 
in terms of hopes and fears. Only postoperatively were patients able to describe their 
expectations, based on their experiences during the rehabilitation.27
Our study had the limitation of a number of drop-outs (17%). No difference 
was seen between the patients with completed follow-up and the drop-out patients on 
patient characteristics and baseline scores. Most reasons for drop-out were unrelated 
to the surgery. However, as some patients dropped out because of complications, it 
is likely that the results cannot be generalized to this specific category of patients. 
Another limitation is that we did not measured comorbidity, while it seems to be 
a significant predictor of long-term functional outcome.28 Again, only qualitative 
measures of function were used; amount of activity was not determined.
Conclusion
In comparison with preoperatively-determined self-efficacy, short-term postoperative 
self-efficacy seems to be a better predictor of long-term outcome of total hip and knee 
arthroplasty whereby outcome is assessed using a disease-specific and a generic self-
report outcome measure and an objective outcome measure (walking speed).
Preoperative or postoperative self-efficacy
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Practice implications
As short-term postoperative self-efficacy seems to be a better predictor of long-term 
outcome of total hip and knee arthroplasty than preoperative self-efficacy, interventions 
should focus on enhancing short-term postoperative rather than preoperative self-
efficacy. Self-efficacy can be influenced by four mechanisms: mastery experience, 
vicarious experience, social persuasion and interpretations of somatic and emotional 
states.10 Mastery experiences are considered to be the most powerful. For example, by 
advising the patient to start the rehabilitation with easy activities on a low level, his 
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Objective: To describe recovery of gait after total hip arthroplasty (THA) based on 
the assessment of spatio-temporal gait parameters determined with an ambulatory 
system. 
Design: A 6-month inception cohort study.
Setting: Inpatient and outpatient setting in an academic hospital.
Patients: Sixty-three patients participating in a short-stay program for THA.
Intervention: Primary unilateral THA.
Main outcome measures: Walking speed, step length, step duration and variability 
coefficient (VC) assessed at different walking speeds, while performing an additional 
cognitive task, and an endurance test. All measures were obtained preoperatively and 
6 weeks and 6 months postoperatively.
Results: Patients improved significantly over time; however, extent and speed of 
recovery of gait parameters was different for each test part. The relation between 
walking speed and step length showed systematic improvement when analyzed over a 
range of speeds. At 6 months, the VC of the additional task test part was comparable 
with the preferred walking VC. The endurance test results could be predicted from the 
results of preferred walking.   
Conclusions: Assessment of recovery of gait function requires more than only 
assessment of “normal” walking. Particularly, an analysis of walking at different 
speeds and walking while performing an additional cognitive task demonstrate 
different aspects of gait recovery after THA. 
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Introduction
Besides several widely used self-report questionnaires to describe recovery after 
total hip arthroplasty (THA), objective measures can be obtained and are considered 
complementary.1,2 In particular, measures of gait function are relevant to assess 
outcome. As gait is highly important in everyday life, gait function is closely linked 
to overall functioning. For example, walking speed has been related to independent 
living and the ability to perform various activities of daily living, like safely crossing a 
traffic intersection and risk of falling.3-5 Hence, gait function is an important indicator 
of functional recovery. Gait function depends on the ability to maintain safe gait while 
navigating in a complex and changing environment, whereby gait has to be adjusted 
to different task demands.6 Thus, from a behavioral approach, important elements of 
gait function are the ability to walk at different speeds, combine gait with attention-
demanding tasks, and walk longer distances.7 These aspects should be incorporated into 
a test battery assessing THA patients. Next to questionnaire research, predominantly 
limited gait analyses are done (i.e. only “normal” walking) on THA patients. With 
the development of ambulatory measuring devices that use body-fixed sensors, gait 
analysis is less time-consuming compared to the methods applied in laboratories 
using camera systems, force plates, treadmills and electromyography.8-17 It is therefore 
possible to measure different aspects of gait function within an acceptable amount of 
time and burden. Additionally, gait analysis can be performed outside a laboratory 
setting, which is a more representative environment of the patients’ everyday life.
The purpose of this study is to describe the spatio-temporal measures of gait 
recovery after THA, whereby the different aspects of gait function are measured with 
an ambulatory measuring device in an extensive test protocol, including walking at 
three speeds, walking with an additional cognitive task and a walking endurance test. 
The hypothesis is that this test protocol will provide measures of gait recovery that 
cannot be detected when only preferred walking speed is assessed.
Methods
Patients
From September 2002 to August 2004, patients were included in the study upon 
admission to the Orthopedic Department of the University Medical Center Groningen 
for a unilateral primary total hip arthroplasty while participating in the short-
stay program. As not all patients are capable of following a short-stay program, 
selection was done using the following criteria: estimated surgery time less than 
120 minutes, body mass lower than 110 kg, expected hospital stay less than 6 days, 
absence of relevant cardiovascular comorbidity, no severe mobility disablement, no 
psychological dysfunction and no severe deformity of the spine. All patients were 
allowed to start walking with aids on the first postoperative day and were discharged 
on the fifth postoperative day, unless there were complications. No physical therapy 
was prescribed.
Within the short-stay program, two groups could be distinguished. One group 
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received usual short-stay care, another received an additional support program called 
the Groningen Orthopedic Exit Strategy (GOES).18 The GOES was developed to 
respond to the insecurity and inactivity many patients show during the rehabilitation 
period, which as a consequence of the short-stay program is moved from the hospital 
setting to the home situation, and aims to provide patients with extra support. The 
GOES treatment consists of showing patients a video with role models, providing extra 
information through newsletters and telephone consultation hours, and emphasizing 
partner participation. The hypothesis that this treatment would lead to more self-
efficacy and social support and better pain-coping, and eventually result in a better 
and quicker rehabilitation, was not supported, as measured by questionnaires.19 As no 
effect on the psychosocial variables was found, it is assumed that no differences in 
gait recovery between these two patient groups will be present and the two groups can 
be evaluated as a whole.
Design & data collection
All patients included in the study performed the gait analysis upon admission to the 
hospital preoperatively, and 6 weeks and 6 months postoperatively when visiting the 
outpatient clinic. The greatest incremental improvements in gait parameters have 
been shown to occur in the first 6 months after surgery.12,13,20 Additionally, a reference 
population consisting of relatives of the THA patients performed the gait analysis 
in the same way the patients did. The study was conducted in accordance with the 
guidelines stated in the Declaration of Helsinki and the regulations of the Medical 
Ethical Committee of the University Medical Center Groningen.
Measurements
For gait analysis we used the DynaPort system,a which consists of a data recorder (125 
x 95 x 34 mm, 295 g) that is attached to the lower back of the patient with a neoprene 
belt around the waist. The data recorder contains three uniaxial, piezoresistive 
accelerometers that measure acceleration in the frontal, sagittal and transverse planes, 
and a memory card on which data are stored. Three penlight batteries are attached 
to the belt. The position of the data recorder is adjustable so that the sensors can be 
positioned vertically. 
Measurements were performed in a normal hospital corridor under supervision 
of the first author. Two cones were positioned 20 meters apart. Patients were instructed 
to walk 20 meters at their preferred speed, to walk as fast as possible (not running), 
and to walk at a slow speed. Additionally, patients were instructed to walk at their 
preferred speed while counting backwards out loud from 50, each time subtracting 
3 (dual task). Finally, patients were instructed to walk at their preferred speed for 6 
minutes (walking endurance test). As we wanted a test that is representative of an 
everyday life situation, we chose to instruct patients to walk at their preferred speed 
for 6 minutes rather than instruct them to cover as much ground as possible within 6 
minutes, which is the instruction in the often-used Six-Minute-Walk test. Patients were 
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allowed to quit if they experienced too much pain or became too fatigued. The amount 
of time patients could walk and the distance they covered were measured. During all 
test parts, patients were allowed to use crutches if they were used to walking with 
them. The total test duration was about 20 minutes.
After each measurement, the data were transferred from the memory card to a 
PC using DynaScope software and displayed graphically. The beginning and end of 
each test part was selected and marked by hand. Analysis of accelerometer signals and 
extraction of gait parameters was done by McRoberts B.V.a Several movement features 
were obtained from the accelerometer signals. Of these features, walking speed, step 
length, step duration and the standard deviation of the step durations were used in this 
study. The variability coefficient (VC = standard deviation of step duration/mean step 
duration × 100%) was calculated to indicate individual variability in step duration. 
The ambulatory method is used to determine spatio-temporal gait parameters 
using lower trunk accelerations. In previous studies, this method has been proven a 
valid means to determine gait parameters.17,21,22
Statistics
Descriptive statistics (mean, standard deviation) were used to describe the total 
study population and the results of the gait analysis. We examined walking speed, 
step length, step duration and variability coefficient (VC) in an analysis of variance 
with time of measurement (pretest vs. 6-weeks follow-up vs. 6-months follow-up) 
as a within-subjects factor. If the sphericity assumption was not met, we applied the 
Huynh-Feldt correction. A significant main effect for measurement time was analyzed 
by single degree of freedom, repeated contrasts. Effect sizes were computed as partial 
eta-squared values. 
The distance patients could walk at a preferred speed within 6 minutes was 
described and analyzed in a random coefficient analysis to determine if a significant 
improvement over time was seen. Again, the interaction term “group × time” was 
included as covariate to test our assumption that the gait parameters of the patients of 
the GOES and usual care groups were similar. Further, to see whether patients showed 
fatigue and whether this diminishes over time, the mean values of the first and final 
three 20-meter distances were calculated for all gait parameters at the three different 
measurement times. Consequently, patients who could not perform the walking 
endurance test at all or who could not walk at least six 20-meter distances before 
quitting at one or more measurement times were excluded from this analysis.
We performed all statistical analyses using the statistical package SPSS, version 





A total of 80 THA patients participated in the short-stay program during the inclusion 
period of the study. Ten of them could not perform the second or third measurement, 
or both, and were therefore excluded: two patients had severe complications and were 
unable to walk, three patients had health problems unrelated to the arthroplasty at the 
time of the third measurement, two patients did not show up at the outpatient clinic for 
unknown reasons, one patient moved out of the country and two patients underwent 
an arthroplasty of the contralateral hip before the final measurements took place. 
These ten patients had a mean age of 62.2 years, and 70% were women. BMI was 
29.2 kg/m2. Six other patients had to be excluded because of technical problems, and 
one patient due to the fact that not all test parts of one measurement were performed. 
The data of 63 patients were therefore available for analysis. One person from the 
reference group had to be excluded because of technical problems, so the data of 19 
persons was used in the analysis.
Table 1 presents baseline characteristics of the patients and the reference population. 
Patients’ mean age was 62.0 years, and most patients were women (68.3%). There 
were no significant differences between the patients and the reference group on any 
variable. Mean length of hospital stay (LOS) was 7.0 (±3.3) days. The mean length 
of stay was raised by one patient with a LOS of 26 days due to an infection and 
prolonged wound leakage. Not including this particular patient, the mean LOS was 
6.7 (±2.3) days.
Table 1.
Patient characteristics at baseline.
Patient group Reference group
N 63 19
Men (%) 20 (31.7) 8 (42.1)
Women (%) 43 (68.3) 11 (57.9)
Age (years) 62.0 (12.6) 61.7 (9.4)
BMI (kg/m2) 26.4 (3.3) 24.9 (2.3)
Height (m) 1.72 (0.10) 1.71 (0.11)
Length of stay (days) 7.0 (3.3) NA
NOTE. Displayed values are mean (±SD) unless otherwise specified.
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Gait parameters 
Gait characteristics for the THA patients as well as for the reference population are 
displayed in Table 2. All main effects for measurement time were significant with a p-
value lower or equal to .001, meaning that on all gait parameters and on all test parts, 
the patients improved significantly over time. 
Between the preoperative and 6-week postoperative measurements, walking 
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The purpose of this study was to describe gait recovery after THA based upon spatio-
temporal gait parameters measured by an ambulatory measuring device while using 
a test protocol that includes walking at three speeds, walking with an additional 
cognitive task, and a walking endurance test. Hypothesis was that this test protocol 
provides measures of gait recovery that cannot be detected when only walking at a 
preferred speed is assessed.
The results of the study demonstrated that the test protocol provided added value 
over measurement of only preferred speed. Six weeks after surgery, the results of 
walking at a preferred speed indicate a very small increase in walking speed and 
step length, and a small decrease in gait variability (VC). A larger increase in speed 
and step length is first seen after 6 months. In contrast, already after 6 weeks, the 
speed – step length relationship during walking at different speeds demonstrates a 
small but consistent increase in speed and step length (see Figure 1). In addition, the 
assessments of walking at a fast speed show a large speed and step length increase 
between 6 weeks and 6 months after surgery. In accordance with findings of others23, 
our data of walking at different speeds show that gait variability is speed dependent 
before surgery (see Figure 2). Six weeks after surgery no decrease of gait variability 
with speed is seen; instead gait variability increases slightly. However, after 6 months, 
an overall decrease of gait variability can be seen and again gait variability decreases 
with increasing speed. Some caution is needed when interpreting this data, since 
most patients used walking aids 6 weeks after surgery, which might have influenced 
gait variables.24 All of the above findings would not have been obtained if only gait 
at one speed had been analyzed, as is done in most of the previous research.1,10,12-
14,25-27 Kyriazis and Rigas did analyze gait parameters at two speeds; they compared 
preferred- and fast-speed of 25 patients preoperatively and 1 and 8-10 years after 
the THA with a conductive walkway system using telemetry.28 They concluded that 
Table 3.
Gait parameters of the first and final three 20m during the walking endurance test.
Patient group 
(N=57)
Preoperatively 6 weeks 6 months Reference group 
(N=19)
first 3 final 3 first 3 final 3 first 3 final 3 first 3 final 3


































































NOTE. Values are mean ± SD.
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fast walking did not provide information that was not already shown in preferred 
gait. However, our results demonstrate that analyzing gait by assessing walking at 
three different speeds offers more insight in recovery of gait function after THA than 
assessments of preferred walking alone. As is also demonstrated by our results on gait 
variability, an additional advantage of assessing gait at different speeds is that when 
other aspects of gait are studied (eg, muscle activities, angular displacements, trunk 
accelerations), the test protocol can take into account the speed-dependency of these 
aspects.16,29
Walking while performing an additional attention-demanding cognitive task is a 
means to measure whether patients are able to walk automatically.6 To the best of our 
knowledge, this is the first study that uses this measure in THA patients. Analysis is 
based on the principle of dual-task interference, which is the worsening of performance 
of the main task (eg, walking) as a result of simultaneously performing an attention-
demanding cognitive task (eg, counting backwards). Automaticity of the main task is 
reflected by a low or absent dual-task interference effect. Measuring the interference 
effect over time gives an indication of the level of returning automaticity.6 The dual-
task principle has been used in other orthopedic patient populations (eg, after limb-
saving surgery of the lower limb).30 Non-automaticity can have an impact on daily 
living: gait changes due to performing an additional cognitive task while walking are 
associated with increased risk of falling among older adults.31
Our results indicate that the inclusion of a dual-task is valuable as a means to 
determine (recovery of) gait automaticity. Particularly the variability coefficients 
demonstrated improved gait during dual-task performance. Already after 6 weeks, 
gait variability is reduced. After 6 months gait variability has further reduced and 
does no longer differ from the variability that can be expected based upon the chosen 
gait speed (see Figure 2). During dual-task conditions, gait speed, but not step length, 
is reduced in comparison to preferred walking. However, this reduction in gait speed 
is smaller after 6 months than preoperatively or after 6 weeks. Thus, all our results 
indicate a return of gait automaticity.
The results of the walking endurance test did not show the expected decrease in 
speed and step length, and increase in gait variability, when the first and final 20-m 
distances were compared. Neither did the results show the expected improvement 
after surgery. Existing differences, although statistically significant, were very small 
and cannot be considered as clinically relevant. Besides whether or not a patient 
completed this test part, the results from the longer walking distance could already be 
predicted from the results of walking at preferred speed.
Results of the dual-task test part presented an unexpected interference that has 
not been reported in other similar studies: the association between walking speed and 
step length deviates from the association seen in the other test parts. The tendency 
to enunciate a number at each step resulted in a slow gait with relatively large step 
lengths, which can be due to the rhythmic character of additional task interfering with 
the walking rhythm.32 In gait research there are different attention-demanding tasks 
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that vary in complexity and suitability for different populations and age groups. Gait 
research on patients recovering from limb-saving surgery of the lower limb has used 
the auditory Stroop test.30 Further research is necessary to determine the applicability 
of this test in THA patients; some consider this task less appropriate for older adults 
who often have difficulties hearing.32 Moreover, it is advised that patients also perform 
the cognitive task as a single task (eg, while sitting down) so that performance on the 
task with and without walking can be compared too.31 In our study, we found that 
performing an additional cognitive task affects gait parameters. In theory, patients can 
also perform worse on the additional task and not on walking, despite the instructions 
to direct attention to the counting task while walking. This might be a sound “safety 
first” strategy, but with this strategy changes in performance of the cognitive task 
remain unrecognized. 
The walking endurance test appeared not to be a measure of endurance. Either 
the test has to be prolonged, which makes it difficult to incorporate into daily clinical 
practice, or the instruction should be given to walk as fast as possible, which is done 
in the protocol of the 6MWT. We considered this as not representative of independent 
functioning in daily life. However, comparison with previous studies using the 
6MWT is therefore impossible. We do have to keep in mind that the measurements 
were assessed in relatively healthy patients, as only patients without other health 
problems could participate in the short-stay program. Additionally, six patients could 
not perform the test. These patients did complete the slow-, preferred- and fast-
walking test parts and performed worse on all parameters at all three measurement 
times than the included patients. A remarkable observation during the endurance 
test was that patients walked faster than during the walking at preferred speed test 
part. This occurred despite the fact that participants were instructed to walk at their 
preferred speed in both test parts. The walking endurance test might be experienced 
as a competition. Thus, despite instructions, some participants may want to cover as 
many meters within the 6 minutes as possible. Another explanation is that walking the 
20m walkway several times back and forth is experienced differently than walking 
it once. It has been observed that gait speed on a long walkway (eg, 60m) is higher 
compared to short walkways.33
Administration of the measurements was easy and well-accepted by all patients. 
None reported any discomfort due to the portable measuring device, so any possible 
influence thereof on gait can be neglected. Total duration of a measurement was 
approximately 20 minutes and can therefore be integrated into routine clinical 
practice. 
Replacing the walking endurance test with a “walking on different ground 
surfaces” test part seems relevant and can be the object of future research.7,16 Patients 
often complain about problems when walking on uneven pathways, especially after 
surgery. This can be the result of balance problems, as it is known that balance during 
gait is altered by severe osteoarthritis and some of these balance problems seem to 
remain after THA.34 Stability during walking should therefore be assessed while 
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walking under circumstances that challenge the postural control system, to obtain 
an indication of patients’ ability to respond to multiple, irregular pertubations.35 With 
the ambulant measuring device tests can be performed outside the laboratory. Hence, 
gait can be studied under more complex, unpredictable and real-life circumstances 
and this may reveal essential information7, as is also indicated by the results of our 
dual-task test part.
Conclusions
In this study, a test protocol consisting of walking at three different speeds, walking 
while performing an additional cognitive task and an endurance test, was used 
to obtain insight into recovery of gait function after total hip replacement. The 
hypothesis that the test protocol would provide measures of gait recovery that cannot 
be detected when only preferred walking speed is assessed was confirmed by a part 
of our results. First, use of different speed instructions made it possible to analyze 
gait parameters, especially the link between walking speed and step length, and gait 
variability over a range of speeds. Already after 6 weeks, the speed step – length 
relationship during walking at different speeds demonstrates a small but consistent 
increase in step length, while preferred walking speed gait parameters showed almost 
no improvement. Second, the additional cognitive task test part is a valuable addition 
as a measure of (return of) automaticity of walking. However, the walking endurance 
test revealed no additional information. By analyzing walking at a range of speeds 
and while performing an additional cognitive task, one can make statements about 
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Background and Purpose: Most research into the relationship between self-report 
and performance-based measures of physical functioning after total hip arthroplasty 
is limited to measurement at one moment in time. Additionally, research into the 
possible explanations for the found discrepancy is scarce. Aim is to determine the 
relationship at multiple moments as well as determine whether the influence of pain 
on self-report measures is an explanation for the expected discrepancy. 
Subjects: Seventy-five subjects admitted for total hip arthroplasty
Methods: Western Ontario and McMaster University osteoarthritis index (WOMAC) 
and Short Form health survey (SF-36) score and walking speed were obtained 
preoperatively and 6 and 26 weeks postoperatively. 
Results: Pearson’s correlation coefficients between walking speed and the WOMAC 
and SF-36 physical functioning subscales were poor preoperatively, while moderate 
short-term and long-term postoperatively. Correlations between the physical 
functioning scales and the pain scales of the WOMAC and SF-36 were high. 
Preoperatively, all self-report measures load on factor one except for walking speed. 
Long-term postoperatively, the self-report physical functioning scales load on both 
factors. 
Discussion and conclusion: Pain and the diminishing pain after surgery appear as 
explanatory factors in the discrepancy between self-report and performance-based 
outcome measures. When assessing physical functioning with a self-report measure, 
other factors, such as pain, are measured as well. 
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Introduction
Outcome after total hip arthroplasty (THA) can be measured by means of self-
report questionnaires; the Western Ontario and McMaster University (WOMAC) 
Osteoarthritis Index and the Short Form health survey (SF-36) are the most used and 
recommended questionnaires.1,2 These questionnaires are filled in by the patients; the 
score provides an indication of their perceived level of physical functioning, among other 
things. Besides the self-report measures, performance-based measures are available in 
which patients actually have to perform one or more activities of daily living (ADL). 
Advantages and disadvantages are reported for both kinds of measures.3,4 Advantages 
of self-report measures are that they are easy to administer and inexpensive, and can 
evaluate multiple aspects of function in one test. Mentioned disadvantages are that 
self-report measures are influenced by expectations and beliefs of the patients and 
impaired cognition and errors in memory; performance-based instruments do not have 
these disadvantages. However, disadvantages of performance-based instruments are 
that activities often have to be assessed in an artificial environment and are time-
consuming and expensive.
From research into the relationship between self-report and performance-based 
measures, there appears to be a poor-to-moderate relationship between the two kinds 
of measures.3,5,6 Self-report and performance-based measures seem to assess a different 
aspect of recovery. It is recommended to use a self-report as well as a performance-
based measure to obtain full insight into the outcome after THA, as they are considered 
complementary.3,7 Most research determining the relationship between these measures 
is however limited to measurement at one moment in time (eg, preoperatively or 12 
months postoperatively). Additionally, research into the possible explanations for the 
discrepancy is scarce. Recently, Terwee et al. investigated the influence of pain on the 
relationship between self-report and performance-based outcome measures before and 
after total knee arthroplasty.8 They discovered that self-report measures of physical 
functioning are more influenced by pain than performance-based measures, which 
could be the explanation for the low correlations between them. They also found that 
the correlations changed over time after surgery — correlations were somewhat better 
3 months postoperatively compared to preoperatively — which can also be explained 
by influence of (disappearing) pain.
This explanation could also be valid for total hip arthroplasty patients. To 
that end, research needs to be conducted into the relationship between self-report 
and performance-based measures determined in total hip arthroplasty patients 
before as well as across the spectrum of recovery after surgery.3,9 First aim of this 
study is therefore to determine the relationship between the WOMAC and SF-36 
physical functioning scales as self-report outcome measures and walking speed as 
performance-based outcome measure in total hip arthroplasty patients preoperatively 
as well as short-term and long-term postoperatively, and secondly, to determine if 
the influence of pain on self-report measures explains the discrepancy between self-
report and performance-based measures. Hypothesis is that the correlations between 
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self-report and performance-based measures will be much higher as soon as 6 weeks 
postoperatively compared with preoperative correlations because after THA most pain 
disappears abruptly after surgery, and even higher 6 months postoperatively, when no 
pain should be experienced at all. Further, it is hypothesized that in factor analysis 
preoperatively self-report physical functioning and pain load on the same factor, while 
the performance-based outcome measure loads on a different factor. Postoperatively, 
when pain has disappeared, it is hypothesized that self-report as well as performance-
based physical functioning will load on one factor and pain on the other factor, as 
would be expected given the existing dimensional structure of the questionnaires.
Method
Subjects & Measurements
Patients admitted to the Orthopedic Department of University Medical Center 
Groningen (UMCG) for unilateral total hip arthroplasty and participating in the short-
stay program between September 2002 and August 2004 were included in the study. 
The criteria for the short-stay program were: estimated surgery time less than 120 
minutes, weight lower than 110 kg, estimated hospital stay less than 6 days, no signs 
of severe mobility disablement or psychological dysfunction, and no severe deformity 
of the spine. After surgery, patients were allowed to start walking with aids on the 
first postoperative day and were discharged on the fifth postoperative day unless there 
were complications.
Measurements were performed at the time of the patients’ admission and 6 and 
26 weeks after the surgery, when they visited the outpatient clinic. The patients were 
asked to complete the WOMAC and SF-36 and to perform gait analysis. In total, 87 
total hip arthroplasty patients were admitted during the study period. Twelve patients 
were excluded from further analyses, as they did not complete the questionnaires or 
the gait analysis at all three measurement times for various reasons: one had severe 
surgical complications, one moved out of the country, one died and two had health 
problems due to causes unrelated to the orthopedic surgery, two refused further 
participation due to personal circumstances, four did not show up at the outpatient 
clinic and one had a THA at the contralateral side. The remaining 75 patients were 
predominantly women (N=53, 70.7%), with a mean age of 62.7 (±11.7) years and 
mean Body Mass Index (BMI) of 26.6 (±3.4) kg∙m-2. Mean length of hospital stay 
was 7.0 (±3.3) days. 
Measures
The Dutch versions of the WOMAC and the SF-36 were used. Both questionnaires 
were proven valid and reliable in total hip arthroplasty patients.10,11 The WOMAC 
is a disease-specific self-report outcome measure of hip arthroplasty. It consists of 
three subscales, two of which were used in this study: WOMAC physical functioning 
(WOMAC-PF; 17 items) and WOMAC pain (WOMAC-P; 5 items). Responses were 
given on a 5-point Likert scale. The SF-36 is a generic health-related quality of life 
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measure. Of the eight SF-36 subscales, physical functioning (SF-36 PF; 10 items) and 
pain (SF-36 P; 5 items) were used in this study. All scores were recoded into a 100-
points scale, with a higher score representing better physical functioning or less pain. 
Gait analysis was done with the DynaPort System.a This is an ambulatory system that 
uses accelerometers which are attached to the patients by a belt over their clothes. 
Patients had to walk over 20 meters at preferred speed in a normal hospital corridor. 
Several movement features can be determined from the accelerometer signals. Walking 
speed was used in this study.
Data analysis
Descriptive statistics (mean, SD) were used to describe the scores on the outcome 
measures at the three measurement times. Pearsons’ correlation coefficients were 
calculated between the WOMAC physical functioning and pain score, the SF-36 
physical functioning and pain score, and walking speed preoperatively and 6 and 
26 weeks postoperatively. Factor analyses were applied on the preoperative data to 
explore the hypothesis that the self-report outcome measures (physical functioning as 
well as pain scales) all load on the same factor while the performance-based outcome 
measure loads on a different factor, and on the postoperative data to explore the 
hypothesis that the self-report as well as the performance-based physical functioning 
measures load on one factor and the pain measures on the other factor. A principal 
component analysis with Promax rotation was used with a forced 2-factor solution. 
The Statistical Package for Social Sciences version 12.0 was used for data analysis.b 
A p-value lower than 0.05 was considered statistically significant.
Results
Mean WOMAC-PF, WOMAC-P, SF-36 PF, SF-36 P and walking speed all improved 
after surgery. The values at the three assessment times are displayed in Table 1. For 
WOMAC-PF, WOMAC-P and SF-36 P, most improvement was seen between the 
preoperative and short-term postoperative measurement times. SF-36 PF showed equal 
improvement between the three measurement times, while walking speed improved 
Table 1. 
Mean (SD) of the outcome measures at the three measurement times.
Preoperative Short-term postoperative Long-term postoperative
WOMAC-PF 46.9 (16.5) 72.8 (17.2) 78.4 (14.9)
WOMAC-P 50.4 (19.0) 84.1 (14.4) 84.9 (16.7)
SF-36 PF 37.6 (18.8) 50.4 (21.1) 65.5 (22.7) 
SF-36 P 39.4 (19.7) 59.7 (23.0) 69.5 (24.0)
WS (m/s) 0.93 (0.20) 0.94 (0.19) 1.12 (0.20)
NOTE. Preoperative walking speed was calculated over 69 patients, as 6 measurements were missing 
due to technical problems. 
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
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most between the two postoperative measurements.
Pearsons’ correlation coefficients between the WOMAC-PF, WOMAC-P, SF-
36 PF, SF-36 P and walking speed at the preoperative and short-term and long-term 
postoperative assessments are displayed in Tables 2a-c. Preoperatively, weak, non-
significant correlations were seen between walking speed and the physical functioning 
scales of the WOMAC and SF-36 as well as between walking speed and the pain 
scales. Correlations between WOMAC-PF and the pain scales of the WOMAC and 
SF-36 were higher than the correlations between SF-36 PF and the pain scales. Short-
term postoperatively, correlations between walking speed and the physical functioning 
and pain scales of the WOMAC and SF-36 were higher compared to the preoperative 
Table 2a. 
Pearsons’ correlation coefficients between the outcome measures preoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P WS
WOMAC-PF 1.00
WOMAC-P 0.68** 1.00
SF-36 PF 0.49** 0.27* 1.00
SF-36 P 0.58** 0.67** 0.36** 1.00
WS 0.13 -0.07 0.19 0.12 1.00
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
Table 2b. 
Pearsons’ correlation coefficients between the outcome measures short-term 
postoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P WS
WOMAC-PF 1.00
WOMAC-P 0.67** 1.00
SF-36 PF 0.62** 0.19 1.00
SF-36 P 0.54** 0.44** 0.34** 1.00
WS 0.36** 0.19 0.23* 0.29* 1.00
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
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Pearsons’ correlation coefficients between the outcome measures long-term 
postoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P WS
WOMAC-PF 1.00
WOMAC-P 0.73** 1.00
SF-36 PF 0.79** 0.64** 1.00
SF-36 P 0.60** 0.69** 0.54** 1.00
WS 0.50** 0.29* 0.50** 0.25* 1.00
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
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correlations. Correlations between the physical functioning and pain scales of the 
WOMAC and SF-36 were very similar to the preoperative correlations. Long-term 
postoperatively, the correlations between walking speed and the physical functioning 
scales of the WOMAC and SF-36 were 0.50, while correlations between walking 
speed and the pain scales were 0.25. Correlations between WOMAC-PF and the pain 
scales of the WOMAC and SF-36 were as high as the correlations between SF-36 PF 
and the pain scales. 
Preoperatively, principal components analysis resulted in 2 factors with an 
eigenvalue over 1.00 (2.54 and 1.09 for factors 1 and 2, respectively). The two factors 
together explained 72.8% of the variance (50.9% by factor 1, 21.9% by factor 2). Both 
WOMAC subscales loaded on factor 1 as well as the SF-36 P subscale. Walking speed 
loaded on factor 2. SF-36 PF loaded almost equally on both factors (0.54 vs. 0.56). 
Short-term postoperatively, the first factor (eigenvalue 2.6) explained 53.0% of the 
variance. The second factor explained an additional 16.9% of the variance (eigenvalue 
0.85). All self-reported scales loaded on factor 1 (0.66-0.92), while walking speed 
loaded on factor 2 (0.95). Long-term postoperatively, the first factor (eigenvalue 3.2) 
explained 63.7% of the variance. The second factor (eigenvalue 0.85) explained an 
additional 17.0% of the variance. WOMAC-PF and SF-36 PF loaded over 0.70 on 
both factors, while WOMAC-P and SF-36 P loaded on factor 1 (0.90 and 0.86) and 




Factor analysis preoperatively (principal component analysis with promax rotation, 
forced 2-factor solution).
Factor 1 Factor 2
WOMAC-PF 0.88 0.26
WOMAC-P 0.87 -0.08
SF-36 PF 0.54 0.56
SF-36 P 0.83 0.19
WS 0.04 0.91
NOTE. Factor loadings >0.50 are in bold.
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
Table 3b.
Factor analysis short-term postoperatively (principal component analysis with promax 
rotation, forced 2-factor solution).
Factor 1 Factor 2
WOMAC-PF 0.92 0.40
WOMAC-P 0.80 0.05
SF-36 PF 0.66 0.45
SF-36 P 0.73 0.41
WS 0.32 0.95
NOTE. Factor loadings >0.50 are in bold.
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
Table 3c.
Factor analysis long-term postoperatively (principal component analysis with promax 
rotation, forced 2-factor solution).
Factor 1 Factor 2
WOMAC-PF 0.85 0.72
WOMAC-P 0.90 0.42
SF-36 PF 0.77 0.74
SF-36 P 0.86 0.31
WS 0.35 0.93
NOTE. Factor loadings >0.50 are in bold.
Abbreviations: PF = physical functioning; P = pain; WS = walking speed.
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Discussion
Aim of the study was to determine the relationship between the WOMAC and SF-36 
physical functioning scales as self-report outcome measures and walking speed as 
performance-based outcome measure in total hip arthroplasty patients before surgery 
as well as short-term and long-term postoperatively, and secondly to determine if the 
influence of pain on self-report measures explained the expected discrepancy between 
the self-report and the performance-based measures. The results of the study show that 
the correlations are low preoperatively, while moderate correlations are seen between 
walking speed and the WOMAC and SF-36 physical functioning subscales short-term 
as well as long-term postoperatively, which is in conformity with our hypothesis. 
This improvement in the correlation between self-report and performance-based 
physical functioning with disappearing pain and the moderate-to-high correlations 
that are seen between the self-report physical functioning and pain scales is evidence 
for the important role of pain as explanation for the discrepancy between self-report 
and performance-based physical functioning. This is partially confirmed in the factor 
analysis. Preoperatively the self-report measures load on one factor, while walking 
speed loads on the other factor, as hypothesized. Short-term postoperatively, however, 
the same loadings were seen as preoperatively, while long-term postoperatively the 
self-report physical functioning scales load on both factors; our hypothesis was that 
postoperatively the pain scales would load on one factor and all physical functioning 
measures on the other. The latter is only seen long-term postoperatively: both self-
report measures and the performance-based measure load on factor two.
The fact that pain is determined with the same questionnaires that are used to 
assess self-report physical functioning can be considered a limitation of the study. As 
a result, the correlation between pain and physical functioning could be higher than 
if pain were determined with another measure, for example a visual analogue scale 
(VAS). On the other hand, pain is assessed with the WOMAC as well as with the SF-
36, and the correlation between physical functioning and pain within one questionnaire 
is almost equally high as that between the two questionnaires. Another remark needs 
to be made about the fact that walking speed is used as a performance-based measure 
of physical functioning. Although walking is highly important in everyday life and 
therefore closely linked to overall functioning, in order to function well physically a 
person needs more than good walking abilities alone. Walking speed has been related 
to independent living and the ability to perform various activities of daily living, like 
safely crossing a traffic intersection and risk of falling.12-14 Therefore, walking speed 
can be used as a measure of overall physical functioning. Moreover, walking speed 
has been used in other studies comparing self-report and performance-based measures 
in total hip and knee arthroplasty patients. The correlation between walking speed 
and a self-report measure was comparable with the correlation found when another 
performance-based measure was used in the same study, like stair-climbing or rising 
from a chair.5,15,16
When looking at the mean values of the performance-based outcome measure 
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before and after surgery, walking speed is almost the same preoperatively and short-
term postoperatively (0.93 and 0.94 m/s). The self-report physical functioning 
measures, on the other hand, show most improvement between these measurement 
times. This is most pronounced in the WOMAC as well as for the SF-36, when the 
unequal time interval between the three measurements is considered (6 weeks vs. 20 
weeks). The same pattern is seen in the pain measures, again most pronounced in the 
WOMAC, where almost no improvement is reported between the two postoperative 
measurements. The difference between the WOMAC and SF-36 outcomes can be 
explained by the fact that the WOMAC is a disease-specific measure and the SF-36 a 
generic outcome measure. The WOMAC asks for difficulties with specific activities 
that are problematic for arthritic patients, while in the SF-36 overall health is assessed. 
This can also explain why the WOMAC scores are higher than the SF-36 scores at the 
final measurement time.
In validation research, a correlation of 0.50 or higher between two instruments 
that aim to measure the same construct is considered satisfactory.8 The correlations 
between the WOMAC and SF-36 physical functioning subscales and walking speed 
are 0.50 only at the long-term postoperative assessment. Before surgery and short-
term postoperatively lower correlations were found, indicating that the self-report and 
performance-based measures do not determine the same construct but a different aspect 
of recovery. The influence of pain seems to be most pronounced at these measurement 
times. Considering the high correlations between the physical functioning and pain 
subscales, especially of the WOMAC and to a lesser extent of the SF-36, pain — or 
the sudden disappearance of pain shortly after surgery — is measured too when the 
aim is to assess solely physical functioning. An explanation can be that patients are 
in a lot of pain before surgery, but shortly after surgery that pain tends to disappear 
immediately, besides some wound pain. As a consequence, patients underrate their 
physical functioning before surgery, while after surgery they tend to overrate it. This 
could explain the fact that correlations shortly after surgery are not as high as the 
long-term postoperative ones. Long-term postoperatively, patients experience no more 
pain for a while, which could account for their perceived physical functioning level 
correlating better with the performance-based measure. Patients seem to be unable 
to separate pain and physical functioning when pain is present or a sudden change in 
pain has occurred. This is confirmed by the factor analysis, where not until long-term 
postoperatively walking speed and the physical functioning scales of the WOMAC 
and SF-36 load on factor two, while the pain scales do not.
The results of our study are comparable with the results of other research into the 
relationship between self-report and performance-based measures, albeit determined 
at different moments or one single moment in time in osteoarthritis patients and total 
hip and knee arthroplasty patients. Long-term postoperatively, correlations around 
0.50 (0.34–0.63) are found in research into knee patients, which is highly similar to 
our 6-month results in total hip arthroplasty patients.8,9,15,17,18 The preoperative values 
we found are lower than in other research, where correlations are reported between 
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0.34 and 0.54 in hip as well as knee patients.3,5,8,16 Lin et al., for example, report 
a correlation of 0.48 between walking speed and WOMAC physical functioning in 
106 hip and knee osteoarthritis (OA) patients.5 These patients had confirmed OA, but 
did not receive treatment and were not scheduled for surgery. A possible explanation 
would therefore be that they have less pain and as a result a higher correlation; they 
do however rate their pain equally to our patients preoperatively on the WOMAC pain 
subscale. Another explanation could be that the perceived physical functioning of the 
patients in our study was influenced by their knowledge that they were scheduled for 
surgery.
Conclusion
The correlations between self-report and performance-based measures of physical 
functioning are poor before total hip arthroplasty. We do however see higher 
correlations, especially long-term postoperatively; the short-term postoperative 
correlations are slightly higher than the preoperative ones. Pain and the diminishing 
pain after surgery seem to be explanatory factors in the discrepancy between self-
report and performance-based outcome measures. Patients appear to have problems 
with separating pain and physical functioning. For practice, this implies that when 
one is interested in physical functioning exclusively, a performance-based measure 
should be considered. If the opinion of the patient about his physical functioning is 
important, self-report measures can be used. One must realize though that with the 
same measure other factors, such as pain, are measured as well. The results of this 
study support the recommendation to use a performance-based and a disease-specific 
and generic self-report outcome measure to obtain a complete insight into recovery 
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Recovery of physical functioning 




Aim: Aim was to assess the recovery of function after a total knee arthroplasty with 
a disease-specific (WOMAC) and a generic (SF-36) self-report measure as well as a 
performance-based measure (DynaPort Kneetest), and to investigate the relationship 
between them.
Methods: 24 total knee arthroplasty patients filled in the WOMAC and SF-36 
and performed the kneetest before, 6 weeks and 6 months after surgery. Pearsons’ 
correlation coefficients were calculated.
Results: Patients showed a decrease on the kneescore at 6 weeks, while reporting 
an increase on the WOMAC and SF-36. Correlations between the kneescore and 
the WOMAC and SF-36 scores were poor to moderate. Good correlations were 
seen between the physical functioning and pain scales of the WOMAC and SF-36. 
Correlations between the kneescore and the pain scores were only poor to moderate.
Conclusion: The DynaPort Kneetest and WOMAC and SF-36 physical functioning 
scales determine each a different aspect of the status of the patient before and during 
recovery after total knee arthroplasty. The discrepancy between the self-report and 
performance-based measures seems to be explained by the influence of pain.
Practice implications: It is recommended to use a generic and disease-specific self-
report measure as well as a performance-based measure to obtain complete insight 
into recovery after total knee arthroplasty.
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Introduction
Recovery of physical functioning after total knee arthroplasty (TKA) can be 
determined with self-reported questionnaires or performance-based measures. Self-
report questionnaires are used most often, as they are easy, fast and inexpensive to 
administer. The Western Ontario and McMaster Universities (WOMAC) Osteoarthritis 
Index as a disease-specific and the Short-Form 36 (SF-36) as a generic questionnaire 
are the most commonly used self-report questionnaires for TKA patients.1 Besides 
these measures, performance-based tests are available, which have the advantage of 
being more objective. The disadvantage is that most tests have to be performed in 
laboratories and are therefore time-consuming, often require specialized equipment 
and personnel, and — most importantly — are performed in an artificial environment. 
As functioning measured in this way is not representative of ADL functioning, 
measurement systems that make use of body-fixed sensors have been developed. 
The DynaPort system (McRoberts, The Hague, The Netherlands) is such a system, 
developed to objectively assess knee-related functional abilities in patients with knee 
problems with the use of accelerometers. The DynaPort Kneetest, a standardized set of 
29 test items that are closely related to activities of daily living (ADL), is constructed 
to test TKA patients.2 The kneetest proved to have good reliability and construct 
validity for use in orthopedic research in patients before and after TKA.3,4 The test can 
be performed in a normal corridor or gym and takes only about 30 minutes to perform. 
From previous research it is concluded that self-report questionnaires and performance-
based measures evaluate different dimensions of functional outcome.5 Therefore, it is 
recommended to use both to evaluate the outcome of a surgical procedure such as total 
knee arthroplasty. It is also recommended to use both a disease-specific and a generic 
quality-of-life questionnaire.6 Aim of this study was to assess recovery of function 
after a total knee arthroplasty using a disease-specific (WOMAC) and a generic (SF-
36) self-report measure as well as a performance-based measure (DynaPort Kneetest), 
and to investigate the relationship between the three different measures.
Methods
Patients
Patients were included in the study upon admission to the Orthopedic Department 
of University Medical Center Groningen (UMCG) for unilateral primary total knee 
arthroplasty and participation in the short-stay program. Inclusion criteria for the 
short-stay program were: estimated surgery time less than 120 minutes, weight less 
than 110 kg, expected hospital stay less than 6 days, no severe mobility disablement, 
no psychological dysfunction, and no severe deformity of the spine. Walking with aids 
was allowed on the first postoperative day. Discharge was on the fifth postoperative 
day, unless there were complications.
Two groups could be distinguished within the short-stay program: one group 
received usual short-stay care and the other group received an additional support 
program called the Groningen Orthopedic Exit Strategy (GOES).7 The GOES was 
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developed as a reaction to the insecurity and inactivity many patients show during the 
rehabilitation period which, as a consequence of the short-stay program, is moved from 
the hospital setting to the home situation. The GOES treatment consists of showing 
patients a video with role models, providing extra information through newsletters and 
telephone consultation hours, and emphasizing partner participation. The hypothesis 
that this treatment will lead to more self-efficacy and social support and better pain-
coping, and eventually result in a better and quicker rehabilitation, was not supported, 
as measured by questionnaires.8 Additionally, in the total hip arthroplasty patients no 
differences were found between the usual short-stay group and the group receiving 
the GOES in several gait parameters.9 It is therefore assumed that among the total 
knee arthroplasty patients no differences in performance-based determined recovery 
between the usual short-stay group and the group receiving the GOES will be present, 
and that the two groups can be evaluated as a whole. 
Design & Data collection
All patients included in the study filled in the WOMAC and the SF-36, and performed 
the DynaPort Kneetest preoperatively upon admission to the hospital, and 6 weeks 
and 6 months postoperatively when visiting the outpatient clinic. A follow-up period 
of 6 months was chosen, as the greatest incremental improvements are shown to occur 
in the first 6 months after surgery.1 The study was conducted in accordance with the 
guidelines stated in the Declaration of Helsinki and the regulations of the Medical 
Ethical Committee of UMCG.
Measurements
For gait analysis we used the DynaPort systema, which consists of a neoprene belt 
around the waist with ventrally a data recorder (125 x 95 x 34 mm, 295 g) containing a 
PC card on which data are stored. Three penlight batteries are attached to the belt. The 
data recorder contains two uniaxial, piezoresistive accelerometers that measure the 
acceleration in the frontal and sagittal planes. Four other accelerometers are attached 
over the sternum, around the left thigh and the left and right shank with belts, all 
registering vertical acceleration. The kneetest measurements were performed in a 
normal corridor at the hospital under supervision of the first author. The kneetest 
battery consisted of a standardized set of 29 items that can be categorized into 
locomotion (walking), rising and descending (stairs, slopes and blocks), lifting and 
moving (carrying a tray or bag, picking up a weight, walking with a trolley) and 
transfers (sit-and-stand, bending). A more thorough description of the kneetest can be 
found in the article of Van den Dikkenberg et al.2 During all test parts, patients were 
allowed to use crutches if they were used to walking with them. 
After each measurement, the data were transferred from the PC card to a PC 
using the DynaScope software and displayed graphically. The beginning and end of 
each test part was selected and marked by hand. Analysis of accelerometer signals 
was done by McRoberts BV. Item scores were obtained from the movement features 
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(0-100, with 100 being the best score). Four cluster scores were calculated as weighted 
averages of item scores. Finally, the total kneescore is the average of the 4 cluster 
scores.
The Dutch version of the Western and Ontario McMaster Universities (WOMAC) 
Osteoarthritis Index was used as a disease-specific questionnaire.10,11 The WOMAC 
consists of 3 subscales: pain (5 questions), stiffness (2 questions) and physical 
function (17 questions). Answers are given on a 5-point Likert scale and summed to 
obtain a (sub)score. Scores are transformed into a 100-point scale, with a higher score 
representing a better score.
The Short Form 36 (SF-36) Dutch-language version was used as a generic 
quality-of-life questionnaire.12 Of the nine dimensions of health-related quality of life, 
the dimensions of physical functioning and pain are used in this study. Each scale is 
transformed into a 100-point scale, with a higher score representing a higher quality 
of life.  
Statistics
We used descriptive statistics (mean, standard deviation) to describe the study 
population and the results of the DynaPort Kneetest and the WOMAC and SF-36. For 
the scores obtained from the questionnaires and the kneetest we conducted an analysis 
of variance with time of measurement (pretest vs. 6-weeks follow-up vs. 6-months 
follow-up) as a within-subjects factor. If the sphericity assumption was not met, 
we applied the Huynh-Feldt correction. A significant main effect for measurement 
time was analyzed by single degree of freedom, repeated contrasts. Effect sizes were 
computed as partial Eta squared values.
Pearson’s correlations were calculated between the kneescore and the total 
score of the WOMAC and SF-36. The guidelines to interpret the magnitude of the 
correlations were: r < 0.3 poor correlation, 0.3 < r < 0.6 moderate, 0.6 < r < 0.8 good 
and r > 0.8 excellent correlation.13
We performed all statistical analyses using the statistical package SPSS, version 
12.0.b A p-value lower than 0.05 was considered statistically significant.
Results
Demographic characteristics
From September 2002 to August 2004, 37 patients scheduled for a total knee 
arthroplasty were admitted to the orthopedic department of UMCG for participation in 
the short-stay program. A complete case analysis was conducted, therefore 13 patients 
who did not complete one or more measurements were excluded from the analysis. 
Measurements of these patients were not executed for various reasons, such as not 
showing up at the outpatient clinic, complications related (infection) or unrelated to 
the surgery (loosening of total hip compartment), surgery during follow-up time (THA, 
TKA other side) and technical problems. The total study population thus consisted of 




Patient characteristics at baseline.
N 24
Men (%) 6 (25.0)
Women (%) 18 (75.0)
Age (years) 66.0 (7.4)
BMI (kg/m2) 28.0 (3.1)
Height (m) 1.68 (0.09)
Length of stay (days) 7.8 (3.3)
NOTE. Displayed values are mean (±SD) unless otherwise specified.
Outcome measures
The means and standard deviations of the kneescore and the subscale scores of 
the kneetest, the WOMAC total score and scores on the subscales, and the SF-36 
subscale of physical functioning and pain scores are displayed in Table 2. All main 
effects for measurement time were significant, meaning that on all scores patients 
improved significantly over time. On all DynaPort scores a decrease was seen 
between the preoperative and 6-week postoperative measurement. On the kneescore 
and the locomotion subscore this decrease was significant. From the 6-week to the 
6-month postoperative measurement, however, a significant improvement was seen 
on all DynaPort scores. On the WOMAC, patients improved significantly from 
the preoperative to the 6-week postoperative measurement. Patients reported an 
improvement from the 6-week to the 6-month postoperative measurement, but only 
on the WOMAC total score and on the pain subscore the improvement was significant. 
On the SF-36 subscale of physical functioning patients reported an improvement from 
the preoperative to the 6-week postoperative measurement, as well from the 6-week 
to the 6-month postoperative measurement.
GOES and usual short-stay patients
We tested our assumption that the usual short-stay group and the group receiving 
the GOES could be analyzed as one group, as there was no difference in recovery 
between the groups. Of the 24 patients, 11 followed the GOES program. The GOES 
and usual short-stay patients were compared on patient characteristics using a χ2 or 
t-test, and on all outcome measures using the GLM repeated measures procedure 
with “group” as between-subjects factor. Of the patient characteristics, a significant 
difference was seen only on patients’ height (1.64 vs. 1.72m, t=2.20; p=0.039). As 
for the outcome measures, the two groups improved differently over time only on 
the WOMAC subscale stiffness (F2,44=4.72; p=0.014). As height difference is not 
considered relevant and the WOMAC stiffness subscale is not our main outcome 
measure, performing the analyses with the overall group was justified.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Pearson’s correlations between the different measures are displayed in Tables 3a-c. 
Preoperatively, the correlation between the kneescore and the physical functioning 
scale of the WOMAC was moderate, while there was a poor correlation between the 
kneescore and the SF-36 physical functioning dimension. At the 6-week postoperative 
measurement, non-significant and poor correlations were seen between the kneescore 
and the physical functioning subscales of the WOMAC and SF-36, while 6 months 
postoperatively moderate correlations were seen. Correlations between the kneescore 
and the pain scores of the WOMAC and SF-36 were moderate preoperatively, poor-
to-moderate 6 weeks postoperatively and poor 6 months postoperatively. 
Table 3a. 
Pearson’s correlations between the different outcome measures preoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P Kneescore
WOMAC-PF 1.00
WOMAC-P 0.78** 1.00
SF-36 PF 0.45* 0.25 1.00
SF-36 P 0.45* 0.68** 0.22 1.00
Kneescore 0.49* 0.37 0.14 0.38 1.00
NOTE. ** p < 0.01; * p < 0.05.
Table 3b. 
Pearson’s correlations between the different outcome measures 6 weeks 
postoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P Kneescore
WOMAC-PF 1.00
WOMAC-P 0.62** 1.00
SF-36 PF 0.68** 0.48* 1.00
SF-36 P 0.54** 0.22 0.33 1.00
Kneescore 0.28 -0.07 -0.01 0.34 1.00
NOTE. ** p < 0.01; * p < 0.05.
Table 3c. 
Pearson’s correlations between the different outcome measures 6 months 
postoperatively.
WOMAC-PF WOMAC-P SF-36 PF SF-36 P Kneescore
WOMAC-PF 1.00
WOMAC-P 0.81** 1.00
SF-36 PF 0.77** 0.62** 1.00
SF-36 P 0.67** 0.66* 0.69** 1.00
Kneescore 0.41* -0.01 0.44* 0.24 1.00
NOTE. ** p < 0.01; * p < 0.05.
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Discussion
First aim of the study was to assess recovery after TKA by means of three different 
outcome measures. Overall, patients improved over time on all three measures, which 
was to be expected. However, when comparing the scores, a difference between the 
measures could be seen: patients showed a decrease on the kneescore at 6 weeks, 
while reporting an increase on the WOMAC and SF-36. The second aim of the study 
was to determine the correlation between the three different measures at the three 
measurement times. The difference seen in the first analysis was confirmed by the 
correlations calculated: the correlations between the kneescores and the WOMAC and 
SF-36 scores were poor to moderate, those between the kneescore and the WOMAC 
and SF-36 were the lowest at 6 weeks. 
Our results are consistent with findings of others who investigated the correlation 
between an objective measure of function and the WOMAC,14,15 and especially with 
Witvrouw et al. and Terwee et al., who conducted research into the correlation between 
the DynaPort Kneetest and the WOMAC.5,16 Lin et al. found correlations of 0.48 and 
0.38 between a walking test and the WOMAC physical function and pain subscales, 
respectively in patients with hip and knee osteoarthritis.15 These values are comparable 
with our preoperative correlations. Finch et al. compared perceived functional ability 
as measured with the WOMAC with the self-paced walking test in TKA patients at 
least one year after surgery.14 They found a significant yet only moderate correlation 
between the two measures (r
p
 = 0.55) in male TKA patients. Witvrouw et al. found 
a Spearman correlation coefficient between the WOMAC physical functioning score 
and the DynaPort Kneescore of 0.34 in patients at least one year postoperatively.5 This 
value is comparable with the correlations found in our 6-month data. An exception 
is the correlation between the WOMAC pain score and the DynaPort Kneescore, 
which in their study was 0.36, whereas we found no correlation (r = 0.01) 6 months 
postoperatively.
Our results can be best compared with those of Terwee et al., who also assessed 
patients preoperatively as well as postoperatively (at 3, 6 and 12 months).16 They found 
correlations between the DynaPort kneescore2 (containing 23 instead of 29 test items 
and using a slightly modified scoring system) and the WOMAC physical functioning 
score of 0.34, 0.51 and 0.50 preoperatively and 3 and 6 months postoperatively, 
respectively. These values are comparable with our results. Between the kneescore2 
and the SF-36 physical functioning score, Terwee et al. found correlations of 0.50, 
0.40 and 0.55 preoperatively and 3 and 6 months postoperatively, respectively.16 
Except for the 6-month postoperative value, these correlations are much higher than 
ours. Our patient group may have additional health problems, which are also assessed 
by the SF-36, as this is a general health-related quality-of-life measure, while the 
WOMAC is a disease-specific measure. Correlations between the WOMAC and SF-
36 are only moderate preoperatively and 6 weeks postoperatively, and good at the 
6-month postoperative measurement time. 
An explanation for the discrepancy found in all studies comparing self-report 
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and performance-based measures of physical functioning could be that the self-report 
measure seems to be more influenced by pain than the performance-based measure. 
A discrepancy between the perceived and objectively assessed function is apparent, 
especially soon after the surgery. Postoperatively the pain has disappeared, and if 
patients do experience any pain, it is totally different than the preoperative pain. This 
was indeed expressed in the pain score, as patients rated their pain lower. However, 
they also rated their function better compared to preoperative values, as they did not 
experience any pain during their activities. At the same time, the performance quality 
of activities was still low, since patients were rehabilitating from the surgery; this 
was expressed in a lower kneescore than the preoperative value. This explanation 
was supported by the correlations: good correlations were seen between the physical 
functioning and pain scales, especially in the WOMAC, while the correlations between 
the performance-based measure (kneescore) and the pain subscales were only poor to 
moderate. More research in a larger patient group is necessary to determine if the 
influence of pain indeed explains the discrepancy.
Conclusion
The outcome measures of DynaPort Kneetest, WOMAC and SF-36 physical function 
subscale determine each a different aspect of the patient status before and during 
recovery following total knee arthroplasty. The discrepancy between the self-
report and performance-based measures seems to be explained by the influence of 
pain, which is greater on self-report measures. The results of our study support the 
recommendation to use a generic and disease-specific self-report measure as well as 
a performance-based measure to obtain complete insight into the recovery after total 
knee arthroplasty.
Recovery of physical functioning after total knee arthroplasty
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This thesis focused on influencing and evaluating outcome after short-stay total hip and 
knee arthroplasty. As a result of increasing demand for these procedures and therefore 
growing waiting lists, short-stay care is applied more and more in the orthopedic 
field as well as in others. With the development of the postoperative support program 
Groningen Orthopedic Exit Strategy (Chapter 2), a first step has been taken toward a 
theory-based intervention that provides for the lack of information and support after 
short-stay care. No such support program was available until now. Research was 
conducted into the validity of the program theory of the GOES (Chapter 3), and into 
self-efficacy, one of the primary determinants in the GOES model (Chapter 4). In the 
second part of the thesis, outcome after short-stay total hip and knee arthroplasty is 
determined using a relatively new ambulant measuring device with which recovery 
can be determined objectively. Besides specialized analyses performed in gait 
laboratories, research determining gait parameters in total hip and knee arthroplasty 
patients with an ambulant measuring device is scarce. A test protocol is developed 
to assess recovery of gait parameters after total hip arthroplasty with the ambulant 
measuring device (Chapter 5). Additionally, research is done into the discrepancy 
between performance-based and self-report outcome in patients with total hip 
arthroplasty (Chapter 6) and total knee arthroplasty (Chapter 7). 
In this general discussion the results of the research described in the previous 
chapters are discussed in a broader perspective. The first part of this chapter discusses 
the development and evaluation of theory-based interventions such as the GOES. Social 
relevance of the results of research into the GOES is discussed and recommendations 
for further research are provided. 
The second part of this general discussion focuses on the different instruments that 
are available to determine outcome after total hip and knee arthroplasty. The various 
self-reported measures that are available are discussed. The use of performance-based 
measures is considered, as well as the link between self-report and performance-based 
measures. Clinical implications and further research suggestions are presented.
Development and evaluation of the Groningen Orthopedic Exit 
Strategy
Theory-based interventions
When evaluating an intervention, treatment or new procedure, effectiveness is 
often only determined by measuring the anticipated outcome. When the research is 
completed, the question is answered with “it works” or “it does not work”. The process 
between input (intervention/treatment/procedure) and outcome remains unrecognized, 
a so-called black-box. Although this looks like a very practical approach, it has major 
drawbacks, especially when “it does not work”. By modeling the process between 
input and output, more insight into the process is gained and research can be done into 
the different parts of the process between input and output. The program evaluation 
theory of Chen provides a basis on which a theory-based intervention can be developed 
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and evaluated, whereby the black-box is opened.
The Groningen Orthopedic Exit Strategy is based on the social cognitive theory 
of Bandura and structured according to Chen’s program evaluation theory.1,2 Aim 
of the GOES is to improve outcome after short-stay total hip and knee arthroplasty 
(Chapter 2). In the program theory of the GOES model a distinction is made between 
the action theory and the conceptual theory, analogous to the program evaluation 
theory of Chen. The action theory describes the relation between the treatment and 
intervening mechanism variables. Hypothesis was that the GOES treatment would 
positively influence self-efficacy, social support and pain-coping. The conceptual 
theory describes the relationship between the intervening mechanism variables and 
the outcome variables. In the GOES model, outcome was defined as ADL functioning, 
physical activity behavior and health-related quality of life. The distinction between 
action and conceptual theory is also made by Baranowski.3 In his mediation variables 
model he focuses on the influence of interventions on behavior (comparable with 
the action theory) and on the relation between mediating variables and outcome 
(conceptual theory). 
In order for a treatment to be effective, i.e. lead to the anticipated outcome, both 
the action theory and the conceptual theory have to be valid.2 When a treatment does 
not lead to the anticipated outcome, research on both theories can reveal if either 
theory failed, or both. Failure of the action theory implies that there is a problem 
with the treatment or with its implementation. When the conceptual theory fails the 
intervening mechanism variables do not change the outcome variables, which implies 
that the underlying concept is wrong and implementation of the treatment is useless. 
It will be clear that if “it does not work,” it is very important to know which theory 
failed.
The research into the validity of the GOES model (Chapter 3) underlines the 
importance of theory-based evaluation. If we only determined the outcome, the 
conclusion would be that “it did not work”. With the method we used, we gained 
more insight into the process between the GOES treatment and the outcome, and we 
were able to specify which part of the process did not lead to the results anticipated 
according to the GOES model (Chapter 2). In the case of the GOES, the intervention 
did not influence the mediating variables positively (action theory); self-efficacy, 
social support and pain-coping were not higher in the group of patients that received 
the GOES treatment compared to the group of patients receiving usual short-stay care 
(Chapter 3). The fact that we did not find a result of the treatment is not unusual — 
null results from treatment effectiveness research are in fact quite common.4,5 On the 
other hand, our second hypothesis that higher self-efficacy, social support and pain-
coping would enhance a better outcome operationalized as better ADL functioning, 
physical activity behavior and health-related quality of life (conceptual theory) was 
(partially) supported by the results of the study. Therefore, it could be concluded that an 
intervention aiming to enhance self-efficacy and pain-coping will lead to higher ADL 
functioning and quality of life (physical functioning dimension). The entire model 
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need not be thrown overboard: research should be conducted on the implementation 
and adjustment of the treatment.
Social relevance
As pointed out in the introduction, the technical quality of prostheses has improved, 
resulting in a broadening of indications for total hip or knee arthroplasty. Besides, 
people are reaching a more advanced age and their numbers are increasing too. In 
the Netherlands, the percentage of people over age 65 is expected to reach its top at 
23.6% of the total population in 2040.6,7 These developments result in an increase of 
the demand for total hip and knee arthroplasties. There are estimations of 25,090 total 
hip arthroplasties in 2020 in the Netherlands (vs. 20,281 THAs in 2005).8 Without 
further action, this will inevitably cause long waiting lists and high costs. One of 
the attempts to solve this problem is shortening hospital stay. Additionally, there is 
growing interest in Minimal Invasive Surgery (MIS) within orthopedics. Instead of 
an incision of 15 cm, an incision of less than 10 cm is made to implant a total hip 
prosthesis. Muscle damage is avoided by using intermuscular spaces. The advantages 
claimed include reduced soft-tissue trauma, less operative blood loss and blood 
transfusion requirements, and less postoperative pain, resulting in quicker recovery 
and therefore shorter hospital stay.9-11
From studies on patient satisfaction it has become apparent that support and 
information is missing, especially in the postoperative period.12,13 This lack can 
be expected to be even more profound when the hospital stay is further reduced 
by applying MIS. The need for a support program has increased even more due to 
these developments. Besides, shortening hospital stay and consequently moving the 
treatment to the home situation is a development seen not only in the orthopedic field, 
but in health care in general (see Box). With the development and research on the 
GOES a first step has been taken to provide for the needs of orthopedic patients.
Insufficient attention for aftercare poses risks to patient 
“Besides many advantages, moving the treatment and care to the home situation 
also brings new risks for the patients. One-third of patients indicate that the care 
after hospital admission is insufficient.” “Inadequate provision of information 
and support can have serious consequences for patients. They can for example 
miss signals pointing toward complications. […] Additionally, inadequate 
information leads to unnecessary insecurity in patients.” “One out of every three 
patients discharged from the hospital says not being told what to do in case of an 
emergency, when to contact the general practitioner. Others did not receive any 
instruction at all. […] Almost all patients (96%), however, consider it (highly) 
important to be clearly told what to do and what not to do after they are discharged 
from the hospital.”




In the discussion section of Chapter 3 a suggestion is made to adjust the GOES 
toward a tailored intervention in order to provide more specific information. Tailoring 
is defined as “any combination of strategies and information intended to reach one 
specific person, based on characteristics that are unique to that person, related to 
the outcome of interest, and derived from an individual assessment”.14 Besides the 
telephone contact, the GOES intervention contains materials that can be classified 
as targeted generic, i.e. a single intervention for a defined population subgroup that 
takes into account characteristics shared by the subgroup’s members.15 Tailoring will 
be most effective when there is considerable variation across the group members on 
those factors that influence the outcome, and when the outcome consists of multiple 
factors.14 The study described in Chapter 3 revealed that both are the case in patients 
with arthrosis: there is variation among patients (standard deviations are considerable) 
in self-efficacy and pain-coping, the two variables that have a relation with outcome, 
and outcome was operationalized as ADL functioning and quality of life, thus 
consisting of multiple factors. Tailored print materials can therefore be expected to be 
more effective than the generic newsletters used in the GOES intervention.
The first step in creating tailored materials is partially taken: self-efficacy and 
pain-coping are identified as having a link with the outcome (Chapter 3). Additionally, 
extensive research is done into the relationship between self-efficacy and outcome 
(Chapter 4). More research is needed into the relationship between pain-coping and 
outcome and into other possible determinants of outcome. Once this is done, an 
assessment tool has to be developed. The questionnaires used to assess the determinants 
are most likely suitable as tailoring assessment tools. These can be extended with 
information about the patient’s home situation, rehabilitation goals and information 
needs, for example. The greatest challenge will be to create tailored messages and to 
link them to all possible outcomes as determined with the assessment tool. Further, 
data should be collected at multiple points in time, as there are most likely changes 
over time in determinants, goals and needs. For instance, research described in 
Chapter 4 pointed out that short-term postoperatively assessed self-efficacy is a better 
predictor of outcome than preoperatively determined self-efficacy. There will also be 
differences between patients in speed of recovery. Data from all assessments should 
be used to generate an appropriate tailored message.
One part of the GOES treatment was the video shown at discharge. In this video 
patients with a total hip or knee arthroplasty tell about their experiences in the different 
stages of their rehabilitation. According to Bandura’s social cognitive theory, realistic 
role models can have a positive influence on self-efficacy.16 However, no effect of the 
GOES treatment on self-efficacy was found. Maybe role models presented in person by 
means of group sessions do have an effect. In so-called Shared Medical Appointments 
(SMAs), patients do not have a short private visit to the outpatient clinic, but have an 
appointment with a group of patients for over one hour.17 The Orthopedic Department 
of UMCG has started SMAs for primary THA and TKA patients. The group consists 
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of patients in different stages of their rehabilitation. In this way, information and 
experiences are shared between patients, while the physician can provide additional 
advice and information. Patients form role models for each other, which can enhance 
self-efficacy.16 Research in e.g. chronically ill older adults showed that the group visit 
members had greater self-efficacy, higher satisfaction and greater quality of life.18 
Further research should be conducted to determine if the same results are found in our 
THA and TKA patient population.
Determining recovery after total hip and knee arthroplasty
History
Research in orthopedics has focused mainly on technical aspects like improving 
materials and fixation methods, perfecting operative techniques and preventing 
complications such as deep periprosthetic infection. If questionnaires or observational 
instruments were used to determine outcome, these were based on surgeon perceptions 
of the importance of impairments and contain technically oriented measures such 
as range of motion and position of the prosthesis as determined on the X-ray. The 
questionnaires most often used in the past were the Harris Hip Score and the Knee 
Society Clinical Rating System.19,20 While research has pointed out that there is a 
disparity between the physician’s and the patient’s evaluation of outcome, especially 
when the patient is not satisfied with the outcome, the perspectives of the patients have 
been relatively neglected.21,22 Recently, however, there has been a shift from surgeon-
defined impairment-based outcome measures to more patient-centered outcomes.23 
Instruments like the Western Ontario and McMaster Universities (WOMAC) 
osteoarthritis index and the Short Form health survey (SF-36) are often-used, well-
validated measures to determine impairments, activity limitations and quality of 
life from the patient’s perspective, and are considered the instruments of choice for 
evaluating outcome of total hip and knee arthroplasty.24,25
Self-report measures
Outcome variables
Within the self-report measures a distinction can be made between disease-specific 
and generic questionnaires: the WOMAC is an example of a disease-specific measure, 
the SF-36 is a generic measure of outcome. The SF-36 can be applied across different 
patient populations and in different disease areas, also outside the orthopedic field, 
to assess health-related quality of life. An advantage of the SF-36 and most other 
generic health-related quality of life questionnaires is that they are widely used and 
have proven to be valid and reliable. Additionally, comparisons can be made between 
patient groups as well as with the “normal” population. A disadvantage is that the 
responsiveness to change may be lower than in disease-specific measures.
As for the disease-specific questionnaires, many other questionnaires besides the 
WOMAC have been developed to determine outcome of total hip and knee arthroplasty. 
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Often, however, little to no research is done into reliability and validity of these outcome 
measures, and when research is performed, most of these questionnaires are not widely 
used. This can be the result of the fact that the shift toward patient-centered outcome 
measures has just recently been made. Research into patient-centered measures is 
therefore in its infancy. More research is needed, especially into the validity of these 
questionnaires. The WOMAC is an exception: it is widely used and has an established 
reliability and validity. Still, with the recent discovery of Woolhead et al. that there 
are differences in outcome when patients are assessed by means of questionnaires or 
an interview, doubts arise about the validity of questionnaires like the WOMAC.22 In 
their research performed into total knee arthroplasty patients, Woolhead et al. found 
that patients gave socially desirable answers reflecting a positive summary of their 
outcome when asked global questions about their outcome, which is often the case 
in questionnaires. Only after further in-depth questions by means of an interview did 
patients admit that they still perceived limitations. The fact that patients perceive a 
major improvement after the surgery can be the cause of their positive response to 
global questions. This poses question marks by the highly positive results that are 
almost always reported when assessing outcome after total hip and knee arthroplasty 
by means of questionnaires.
Behavioral determinants
While little research has been conducted into the reliability, validity, responsiveness 
and sensitivity to change of outcome measures, it is often the case that measures of 
behavioral determinants that can influence outcome — like the intervening mechanism 
variables of the GOES model — are not even developed for use in orthopedics and, 
more specifically, for total hip and knee arthroplasty patients. Moreover, in the Dutch 
language they are non-existing. For this reason, we translated the Self-Efficacy for 
Rehabilitation Outcome Scale (SER) — one of the few questionnaires suitable for 
the orthopedic population — into Dutch, developed the Groningen Orthopedic Social 
Support Scale (GO-SSS), and conducted research on the reliability and validity of 
these two scales.26,27 The research described in chapters 3 and 4 of this thesis is the 
first that uses these questionnaires. More insight into the validity of the questionnaires 
is needed through their use in other studies. Satisfactory reliability and validity 
notwithstanding, the developed instruments can be improved. Additionally, although 
the pain-coping questionnaire was an adapted version of the valid TAMPA, research 
should be done into the reliability and validity of this version.
Performance-based measures
Besides self-report measures, objective measures are available. Standardized, valid 
test protocols to assess outcome after total hip and knee arthroplasty do not exist 
though. Self-report and performance-based measures are considered complementary, 
as they determine a different aspect of recovery.28,29 Often, only measures such as 
muscle strength and range of motion are determined. According to the International 
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Classification of Functioning, Disability and Health (ICF), these are measures of 
the body functions and structure component.30 Gait analyses can be performed in 
specialized laboratories. This implies that measurements at the activity level of the 
ICF are possible. However, besides drawbacks like high costs, the need for specialized 
personnel and a very time-consuming nature, the most important question is whether 
gait function is assessed, as only a few steps can be made due to limited space. 
Whether patients walk like they would in a natural environment is also questionable. 
With ambulant measuring devices, such as the one used in the research described in 
chapters 5, 6 and 7 of this thesis, patient can be assessed outside the laboratory. Hence 
gait function can be determined in a more natural environment. Still, the aspect of 
participation is hard if not impossible to determine with objective measures. This 
aspect of function can be determined with questionnaires like the SF-36.
Self-report versus performance-based
There is a growing amount of research demonstrating a difference between self-report 
and performance-based measures. Both types of measures determine outcome from 
a different perspective and are therefore considered complementary. The research 
described in chapters 6 and 7 conducted on total hip and knee arthroplasty patients also 
demonstrates a discrepancy between self-report measures of outcome and outcome 
assessed with the ambulant measuring device. Research about possible explanations 
is lacking though. In Chapter 6 research is conducted into the role of pain, which 
appeared to be an explanatory factor. More factors are likely to be playing a part 
in explaining the discrepancy. One of these factors might be patient expectations, 
which seem to be important independent predictors of satisfaction and functional 
outcome as measured with questionnaires.31 Whether the outcome of the surgery is 
in accordance with the expectations can influence the reported physical functioning, 
therefore causing a discrepancy between the outcome determined with questionnaires 
and that determined with performance-based measures.
Clinical implication
The various types of outcome measures determine different aspects of outcome. 
Clinical implication is that the physician or researcher should consider which aspect 
of recovery he is interested in, and determine this aspect with the appropriate measure. 
Questionnaires are often used, as they are easy to administer and require very little 
extra effort from the treating physician. It would be even less time-consuming if 
questionnaires were filled in on the computer by the patient himself. Equipment can 
be placed at the outpatient clinic and in this way become a part of the outpatient visit. 
With the development of ambulatory measuring systems, gait analysis too can be 
performed within the daily clinical routine, although a person is needed to administer 
the tests.
As attention for patient-centered evaluation of outcome after a total hip or knee 
arthroplasty grows, so does the focus on patient satisfaction. Patient satisfaction has 
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become increasingly important within the Dutch health care system. Results of research 
into patient satisfaction at different departments and hospitals in the Netherlands were 
recently made public via the internet, giving patients the opportunity to compare 
and choose a hospital on the basis of this information. The Netherlands Institute for 
Health Services Research (NIVEL), in cooperation with the orthopedic department 
of UMCG, among others, is currently working on the development of a uniform 
patient satisfaction scale for hip and knee patients. Maybe the recommendation to 
use a disease-specific and generic self-report outcome measure and a performance-
based outcome measure to obtain full insight into recovery after total hip and knee 
arthroplasty (Chapter 6) should be extended with a measure of patient satisfaction. It 
has to be kept in mind that assessing satisfaction is very difficult though. There is still 
no consensus about the definition and no uniformity regarding which conceptual facets 
the concept of patient satisfaction encompasses.32,33 Many different questionnaires 
exist, each determining a (slightly) different aspect of patient satisfaction. Comparing 
the outcome of different questionnaires is therefore not valid, and even when the 
same measure is used there are numerous factors influencing the outcome. Patients’ 
expectations, patient characteristics and psychosocial determinants are distinguished 
as determinants of satisfaction.33 Expectations complicate the use of satisfaction as an 
evaluative tool, as different perspectives on quality of care rather than different levels 
of satisfaction may be indicated.32 Among the patient characteristics that are associated 
with satisfaction are age and level of education, making comparison between different 
departments and between hospitals nationwide difficult. Social desirability response 
bias is distinguished as a psychosocial determinant, and can result in rates of higher 
satisfaction than patients actually feel because they believe a positive answer is more 
acceptable and more fitting with the prevailing social norm than the factual situation.34 
Similarly, satisfaction rates can be subject to ingratiating response bias when patients 
use the questionnaire to ingratiate themselves with the medical staff. Research at the 
orthopedic department of UMCG also indicates that the time point of assessment can 
cause differences.12 In conclusion, health care providers and policymakers should be 
cautious when interpreting results of patient satisfaction surveys.
Recommendations for further research
As recommended in Chapter 5, more research is needed into the additional attention-
demanding cognitive task test part, which is based on the concept of dual-task 
interference. Dual-task interference is the worsening of performance of the main 
task (eg, walking) as a result of simultaneously performing an attention-demanding 
cognitive task (eg, counting backwards). Walking while performing an additional task 
is a means to determine automaticity of walking and has not been applied in total 
hip arthroplasty patients before. Measuring the interference effect over time gives an 
indication of the level of returning automaticity after surgery.35 No information was 
available on which type of task would be best to use in total hip and knee arthroplasty 
patients. The counting task used in the research described in Chapter 5 was well 
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applicable and provided useful information. However, our results showed unexpected 
interference, likely due to the rhythmic character of the task. Further research has 
already been initiated into the applicability of and gait parameters obtained with 
another additional cognitive task.
There is also a lack of information about physical activity patterns after total hip 
and knee arthroplasty. Some orthopedic surgeons compare these procedures with a pit 
stop of a formula 1 racing car; during the race the car is running properly, but at some 
point the tires are worn out and need replacement. When new tires are placed, the car 
can compete with the other vehicles as before. For total hip and knee arthroplasty 
patients the same should be the case: after the arthroplasty, patients should be 
“running” like before. Research so far only determines if patients perceive limitations 
after surgery while performing certain activities, like walking, rising from a chair 
and sitting, and walking stairs, or how well they perform on a gait test (i.e. quality of 
physical functioning). Until now, no studies have been conducted into how physically 
active patients are after surgery (i.e. amount of physical functioning). According to the 
Dutch and International Standard for Healthy Exercise, adults need to be moderately 
active for 30 minutes at least 5 days of the week in order to develop and maintain 
cardiorespiratoy and muscular fitness and flexibility.36,37 Especially for the elderly 
population it is important to be physically active, as in addition to the health benefits 
that apply to all adults a physically active lifestyle is associated with the ability to 
perform activities of daily living independently and therefore with quality of life.38 
Additionally, patients suffering from arthrosis are often obese (BMI > 25).39 They 
report loss of function and mainly pain as reasons why they cannot adopt an active 
lifestyle according to the Dutch Standard and consequently gain fitness and lose 
weight. Nonetheless, there is evidence that after the arthroplasty, resulting in improved 
function and loss of pain, patients remain obese.40-42 This could imply that patients do 
not change their lifestyle into an active one despite gained function and loss of pain. 
Amount of activities, for example determined with the Short Questionnaire to Assess 
Health-enhancing physical activity (SQUASH), has not been determined yet in total 
hip and knee arthroplasty patients.43 Recent research at the Orthopedic Department of 
UMCG indicates that a measure of functional limitations (WOMAC) does not predict 
if total hip arthroplasty patients are physically active according to the Dutch Standard 
for Healthy Exercise.36 Additionally, low correlations are found between the WOMAC 
and amount of physical activity. Currently, research was initiated at the Orthopedic 
Department of UMCG whereby the SQUASH is assessed in total hip arthroplasty 
patients to gain more insight into the amount of activity one year after the surgery.
Another lack of knowledge concerns the revision total hip and knee arthroplasty 
patients. With the growing amount of total hip and knee arthroplasties, the number of 
prostheses needing revision will increase too. As in primary arthroplasty patients, it is 
not known either how active patients are after revision total hip and knee arthroplasty. 
Moreover, only one study has been conducted on gait parameters after revision total hip 
arthroplasty, which is a retrospective investigation.44 There are no prospective studies 
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on recovery of gait parameters after revision total hip arthroplasty, hence it is not 
known whether it is comparable with recovery after primary total hip arthroplasty. 
Another group of patients that deserves more research efforts are primary total 
hip arthroplasty patients operated by means of minimally invasive surgery (MIS). 
This is a new technique that is receiving growing attention in the orthopedic field; 
however, the claimed advantages of MIS-THA over traditional THA (i.e. quicker 
recovery and less limping)9-11 are not yet determined on the basis of evidence. There is 
no research into the effects of MIS-THA on gait parameters, and studies on outcome of 
MIS-THA determined with self-report measures are scarce. A randomized controlled 
trial into the outcome of MIS-THA compared to traditional THA will start in 2007 
at the orthopedic department of UMCG.45 Outcome will be determined with self-
report as well as performance-based measures in order to obtain full insight into the 
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As a result of the increasing demand for total hip arthroplasties (THA) and total knee 
arthroplasties (TKA), waiting lists are growing. To cope with this problem, many 
hospitals have introduced short-stay programs. Patients leave the hospital soon after 
the surgery. A consequence is increased responsibility of the patient regarding his own 
rehabilitation. Although it is clear that the success of a total hip or knee arthroplasty 
not only depends on an effective surgical procedure but also on adequate rehabilitation 
afterwards, hospitals do not provide additional support after discharge. 
The scope of the research described in this thesis is to influence and evaluate 
outcome after short-stay total hip and knee arthroplasty. The thesis can be divided into 
two parts. The objective of the first part is to develop a support program after short-
stay total hip and knee arthroplasty and to determine its effectiveness. The second 
part is directed towards measuring of recovery after total hip or knee arthroplasty by 
means of self-reported as well as performance-based measures, and to compare these 
outcome measures with each other.
Chapter 2 describes the development of a theory-driven support program, called the 
Groningen Orthopedic Exit Strategy (GOES). Aim of the GOES is to improve the 
rehabilitation of total hip and knee arthroplasty patients after shortened hospital stay. 
The GOES is based on the social cognitive theory of Bandura and structured with 
the help of Chen’s program evaluation theory. The GOES theoretical model consists 
of three domains: the treatment domain, the intervening mechanism domain and the 
outcome domain. The GOES treatment consists of showing an exit video with role 
models, providing extra information through newsletters and telephone consultation 
hours, and emphasizing partner participation in the rehabilitation process at home. A 
program theory is recognized, consisting of an action theory describing the relationship 
between treatment and intervening mechanism domain (self-efficacy, social support 
and pain-coping) and a conceptual theory describing the relationship between the 
intervening mechanism and outcome domain (ADL functioning, physical activity 
behavior, health-related quality of life).
Chapter 3 describes the research into validation of the GOES program theory. The 
first part of the program theory is the action theory, hypothesizing that patients receiving 
the GOES treatment will show more improvement over 6 months on intervening 
mechanism variables compared to patients receiving usual care. In the validation of 
the second part of the program theory, the conceptual theory, it is investigated whether 
a positive relation exists between the variables of the intervening mechanism and 
the outcome variables. One hundred and three patients (50 GOES group, 53 usual 
care) were assessed preoperatively, and 6 weeks and 6 months postoperatively using 
questionnaires. No difference was seen between the two groups in terms of changes 
between preoperative and postoperative intervening variables (action theory). 
Moderate-to-large correlations explaining reasonable amount of variance (22%, 25%, 
56%) were found between the intervening and outcome variables (conceptual theory). 
It is concluded that the conceptual theory is supported; however, as the treatment 
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did not influence the mediating variables (action theory), it has no added value in its 
current form. An individualized intervention could be more effective than the GOES 
intervention, which is directed towards the general total hip and knee patient.
Chapter 4 evaluates the contributions of preoperative and short-term postoperative 
self-efficacy in predicting long-term outcome. Self-efficacy was determined in 103 
THA and TKA patients preoperatively and 6 weeks postoperatively. The 6-month 
outcome was assessed with a disease-specific self-report questionnaire (Western 
Ontario and McMaster University osteoarthritis index (WOMAC)), a generic self-
report questionnaire (Short Form health survey (SF-36)) and an objective measure of 
function (walking speed). Preoperative self-efficacy was only a significant predictor 
of long-term postoperative walking speed, with higher self-efficacy resulting in faster 
walking speed (R2 = 0.47). Short-term postoperative self-efficacy was a significant 
predictor of the long-term postoperative SF-36 (physical functioning: R2 = 0.30; mental 
health: R2 = 0.53) and of walking speed (R2 = 0.66), with higher self-efficacy resulting 
in a better outcome. Short-term postoperative self-efficacy seems a better predictor of 
long-term outcome after total hip or knee arthroplasty than preoperative self-efficacy. 
Interventions should therefore focus on enhancing short-term postoperative rather 
than preoperative self-efficacy.
The objective of the research described in Chapter 5 – as part of the second main 
objective of this thesis – was to describe the spatio-temporal measures of gait 
recovery after THA, whereby the different aspects of gait function are measured with 
an ambulatory measuring device in an extensive test protocol, including walking 
at different speeds, walking while performing an additional cognitive task and an 
endurance test. Sixty-three THA patients were assessed preoperatively and 6 weeks 
and 6 months postoperatively. The relation between walking speed and step length 
showed systematic improvement when analyzed over a range of speeds. At 6 months, 
the variability coefficient – as measure of stability – of the additional task test part 
was comparable with the preferred walking variability coefficient. The endurance test 
results could be predicted from the results of preferred walking. It is concluded that 
the assessment of recovery of gait function requires more than only the assessment of 
“normal” walking. Particularly, an analysis of walking at different speeds and walking 
while performing an additional cognitive task demonstrate different aspects of gait 
recovery after THA. 
In Chapter 6 the relationship between self-report and performance-based 
measures of physical functioning after THA was determined at multiple moments. 
Additionally, it was determined whether the influence of pain on self-report measures 
was an explanation for the expected discrepancy. Seventy-five patients admitted 
for THA were included. The scores on the WOMAC and SF-36 and walking speed 
were obtained before and 6 weeks and 6 months after surgery. Pearson’s correlation 
coefficients between walking speed and the WOMAC and SF-36 physical functioning 
subscales were poor preoperatively, and moderate short-term and long-term 
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postoperatively. Correlations between the physical functioning scales and the pain 
scales of the WOMAC and SF-36 were high. It is concluded that pain and diminishing 
pain after surgery appear as explanatory factors in the discrepancy between self-report 
and performance-based outcome measures. When assessing physical functioning with 
a self-report measure, other factors, such as pain, are measured as well.
Aim of the research described in Chapter 7 was to assess the recovery of function 
after a total knee arthroplasty with a disease-specific (WOMAC) and a generic (SF-36) 
self-report measure as well as a performance-based measure (DynaPort Kneescore), 
and to investigate the relationship between them. Twenty-four TKA patients were 
assessed before surgery and 6 weeks and 6 months after surgery. Patients showed 
a decrease on the objective kneescore after 6 weeks, while reporting an increase on 
the WOMAC and SF-36. Pearsons’ correlations between the objective kneescore 
and the WOMAC and SF-36 scores were poor to moderate. Good correlations were 
seen between the physical functioning and pain scales of the WOMAC and SF-36. 
Correlations between the kneescore and the pain scores were only poor to moderate. 
In conclusion, the self-report and performance-based measures determine each a 
different aspect of the status of the patient before and during recovery after total knee 
arthroplasty. As with the THA patients, the discrepancy seems to be explained by the 
influence of pain.
The general discussion in Chapter 8 emphasizes the importance of theory-based 
evaluation. Further research suggestions are given concerning the adjustment of 
the GOES intervention toward a tailored intervention. Tailoring is defined as “any 
combination of strategies and information intended to reach one specific person, 
based on characteristics that are unique to that person, related to the outcome of 
interest, and derived from an individual assessment”. A few steps in the tailoring 
process have already been taken; however, the greatest challenge will be to create 
messages containing tailored information and advice and to link these messages to the 
various outcomes. The different assessment methods available to establish outcome 
and behavioral determinants are also discussed. More research is needed to determine 
the amount of physical activity in patients after a THA or TKA and to obtain more 







De toenemende vraag naar totale heuparthroplastieken (THA) en totale 
kniearthroplastieken (TKA) leidt tot groeiende wachtlijsten. Om dit probleem het hoofd 
te bieden hebben veel ziekenhuizen verkorte opname programma’s geïntroduceerd. 
Patiënten verlaten het ziekenhuis al snel na de operatie. Een consequentie hiervan is 
een grotere verantwoordelijkheid van de patiënt zelf voor de eigen revalidatie. Hoewel 
duidelijk is dat het succes van een totale heup- of kniearthroplastiek niet alleen van 
een effectieve operatie afhangt, maar ook van een goede revalidatie daarna, geven de 
ziekenhuizen zelf geen additionele begeleiding in de thuissituatie.
Het doel van het onderzoek beschreven in dit proefschrift is het beïnvloeden 
en evalueren van het resultaat van een totale heup- of kniearthroplastiek na verkorte 
ziekenhuisopname. Het proefschrift bestaat uit twee delen. Doelstelling van het 
eerste deel is een programma te ontwikkelen dat patiënten begeleidt na een totale 
heup- of kniearthroplastiek met verkorte ziekenhuisopname en de effectiviteit van dit 
programma te bepalen. Het tweede deel van dit proefschrift is gericht op de bepaling 
van het herstel na een totale heup- of kniearthroplastiek, zowel met subjectieve als 
objectieve maten, met onderlinge vergelijking van de gebruikte maten. 
In Hoofdstuk 2 wordt de ontwikkeling van een theoriegestuurd begeleidingsprogramma 
beschreven, genaamd de Groningen Orthopedische Exit Strategie (GOES). Doel 
van de GOES is het verbeteren van de revalidatie van THA en TKA patiënten na 
verkorte ziekenhuisopname. De GOES is gebaseerd op de sociaal cognitieve theorie 
van Bandura en gestructureerd met behulp van Chen’s programma evaluatie theorie. 
Het theoretisch model van de GOES bestaat uit drie domeinen: het interventie 
domein, het domein van interveniërende variabelen en het uitkomst domein. De 
GOES interventie bestaat uit het tonen van een exitvideo met rolmodellen, het 
voorzien van extra informatie door middel van nieuwsbrieven en een telefonisch 
spreekuur, en het benadrukken van het belang van participatie van de partner bij het 
revalidatieproces thuis. Binnen het theoretisch model van de GOES wordt er een 
programmatheorie onderscheiden, die bestaat uit een actietheorie, welke de relatie 
tussen het interventie en het interveniërende domein (eigen effectiviteit, sociale steun 
en omgang met pijn) beschrijft, en een conceptuele theorie, die de relatie tussen het 
interveniërende en het uitkomst domein (ADL-functioneren, fysieke activiteiten 
gedrag, gezondheidsgerelateerde kwaliteit van leven) beschrijft. 
In Hoofdstuk 3 wordt het onderzoek naar de validiteit van de GOES 
programmatheorie beschreven. Het eerste deel van de programmatheorie is de 
actietheorie. De hypothese is dat, in vergelijking met patiënten die de gebruikelijke 
zorg krijgen, de patiënten die de GOES interventie krijgen gedurende 6 maanden na de 
operatie meer verbetering laten zien op de interveniërende variabelen. Bij de validatie 
van het tweede deel van de programmatheorie, de conceptuele theorie, is onderzocht 
of er een positieve relatie is tussen de variabelen van het interveniërende domein en de 
uitkomst variabelen. Honderddrie patiënten (50 GOES groep, 53 gebruikelijke zorg) 
zijn preoperatief en 6 weken en 6 maanden postoperatief onderzocht met behulp van 
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vragenlijsten. Er werd geen verschil gevonden tussen de twee groepen wat betreft het 
verloop in de tijd van de interveniërende variabelen (actietheorie). Gemiddelde tot 
hoge correlaties die een redelijke hoeveelheid variabiliteit verklaarden (22%, 25%, 
56%) zijn gevonden tussen de interveniërende en de uitkomst variabelen (conceptuele 
theorie). Geconcludeerd wordt dat er ondersteuning is voor de conceptuele theorie; 
echter, aangezien de interventie de interveniërende variabelen niet beïnvloedt 
(actietheorie) heeft de interventie in zijn huidige vorm geen toegevoegde waarde. Een 
individuele interventie is wellicht effectiever dan de GOES interventie, die zich richt 
op de THA of TKA patiënt in het algemeen.
In Hoofdstuk 4 wordt de bijdrage van voor en kort na de operatie gemeten 
eigen effectiviteit in het voospellen van de uitkomst op lange termijn (6 maanden) 
geëvalueerd. Eigen effectiviteit is bepaald bij 103 THA en TKA patiënten preoperatief 
en 6 weken postoperatief. De uitkomst na 6 maanden is gemeten met behulp van een 
ziektespecifieke vragenlijst (‘Western Ontario and McMaster University osteoarthritis 
index’ (WOMAC)), een generieke vragenlijst (‘Short Form health survey’ (SF-36)) 
en een objectieve maat voor functie (loopsnelheid). Preoperatieve eigen effectiviteit 
is alleen een significante voorspeller van de loopsnelheid op de lange termijn: een 
hogere preoperatieve eigen effectiviteit resulteert in een hogere loopsnelheid (R2 = 
0.47). Eigen effectiviteit, bepaald op korte termijn postoperatief, is een significantie 
voorspeller van de SF-36 op lange termijn (fysiek functioneren: R2 = 0.30; mentale 
gezondheid: R2 = 0.53) en van loopsnelheid (R2 = 0.66), waarbij een hogere eigen 
effectiviteit resulteert in een betere uitkomst. Vergeleken met preoperatieve eigen 
effectiviteit lijkt eigen effectiviteit bepaald op korte termijn postoperatief een betere 
voorspeller van de uitkomst van een THA of TKA op lange termijn. Interventies 
zouden zich daarom moeten richten op het vergroten van de eigen effectiviteit kort na 
de operatie in plaats van op preoperatieve eigen effectiviteit. 
Het doel van het onderzoek dat wordt beschreven in Hoofdstuk 5 – als onderdeel 
van de tweede doelstelling van dit proefschrift – is om het herstel van het looppatroon 
na een THA te beschrijven met spatio-temporele maten. De verschillende aspecten 
van loopfunctie worden gemeten met een draagbaar meetinstrument in een uitgebreid 
testprotocol. Het uitgebreide testprotocol bevat lopen op verschillende snelheden, 
lopen in combinatie met een cognitieve taak en een test op uithoudingsvermogen. 
Drieënzestig THA patiënten zijn preoperatief en 6 weken en 6 maanden postoperatief 
getest. Er is een systematische verbetering te zien in de relatie tussen loopsnelheid en 
staplengte, geanalyseerd bij verschillende snelheden. Zes maanden na de operatie was 
de variabiliteitcoëfficiënt – een maat voor stabiliteit – bij het lopen met cognitieve 
taak vergelijkbaar met de variabiliteitcoëfficiënt bij het lopen op voorkeurssnelheid. 
De resultaten van de test op uithoudingsvermogen konden voorspeld worden uit de 
resultaten van het lopen op voorkeurssnelheid. Concluderend kan gesteld worden 
dat het bepalen van herstel van loopfunctie meer vereist dan alleen het testen van 
“normaal” lopen. Een analyse van lopen op verschillende snelheden en van lopen met 
een additionele cognitieve taak toont verschillende aspecten van het herstel van het 
135
looppatroon na een THA. 
In Hoofdstuk 6 is de relatie tussen subjectieve en objectieve maten van fysiek 
functioneren na een THA op verschillende momenten bepaald. Daarnaast is de 
invloed van pijn op de subjectieve maten onderzocht, als mogelijke verklaring voor 
de verwachte discrepantie. Vijfenzeventig patiënten die werden opgenomen voor een 
THA zijn geïncludeerd. De scores op de WOMAC en de SF-36, en de loopsnelheid 
zijn preoperatief en 6 weken en 6 maanden postoperatief bepaald. De Pearsons 
correlatiecoëfficiënt tussen loopsnelheid en de WOMAC en SF-36 subschalen fysiek 
functioneren is preoperatief slecht en op korte en lange termijn postoperatief matig. 
De correlaties tussen de WOMAC en SF-36 subschalen fysiek functioneren en pijn 
zijn hoog. De conclusie is dat pijn en verdwijnende pijn na de operatie verklarende 
factoren zijn in de discrepantie tussen subjectieve en objectieve uitkomstmaten. 
Wanneer fysiek functioneren wordt bepaald met een subjectieve maat worden ook 
andere factoren, zoals pijn, gemeten.
Het doel van het onderzoek dat beschreven wordt in Hoofdstuk 7 is om het 
herstel van functie na een totale kniearthroplastiek te bepalen met een ziektespecifieke 
(WOMAC), een generieke (SF-36) en met een objectieve maat (DynaPort Kneescore), 
en om de relatie tussen deze maten vast te stellen. Vierentwintig TKA patiënten 
zijn preoperatief en 6 weken en 6 maanden postoperatief onderzocht. De patiënten 
toonden bij de 6 weken meting een afname op de objectieve kniescore, terwijl de 
WOMAC en SF-36 een toename lieten zien. De Pearsons correlatiecoëfficiënten 
tussen de objectieve kniescore en de WOMAC en SF-36 scores waren slecht tot matig. 
Er werden goede correlaties gevonden tussen de subschalen fysiek functioneren 
en pijn van de WOMAC en SF-36. De correlaties tussen de kniescore en de pijn 
scores daarentegen waren slecht tot matig. Concluderend kan gesteld worden dat de 
subjectieve en objectieve maten iedere een verschillend aspect van de status van de 
patiënt bepalen voor en gedurende het herstel na een TKA. Net zoals bij de THA 
patiënten lijkt de invloed van pijn de discrepantie te verklaren.
In de algemene discussie in Hoofdstuk 8 wordt het belang van theoriegestuurde 
evaluatie benadrukt. Er worden suggesties voor verder onderzoek gedaan betreffende 
de aanpassing van de GOES interventie tot een interventie op maat, de zogenaamde 
“tailored intervention”. Tailoring wordt gedefinieerd als “elke combinatie van 
strategieën en informatie die erop gericht is om een specifiek persoon te bereiken, 
gebaseerd op de karakteristieken die uniek zijn voor die persoon, gerelateerd aan 
de gewenste uitkomst en verkregen uit een individuele bepaling”. Enkele stappen 
in het proces van tailoring zijn al genomen; de grootste uitdaging zal liggen in het 
samenstellen van boodschappen met tailored informatie en om deze verschillende 
boodschappen te koppelen aan de verschillende uitkomsten. Daarnaast worden de 
verschillende beschikbare methodes om uitkomsten en gedragsdeterminanten te 
bepalen bediscussieerd. Vervolgonderzoek is gewenst naar de omvang van de fysieke 
activiteit bij patiënten na een THA of TKA en naar het herstelproces na revisie THA 
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